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Extract from the Minutes of the Proceedings of the Senate, Tuesday
September 17th, 1968: ;

2900513

“The Honourable Senator Lamontagne, P.C., moved, seconded by
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider
and report on the science policy of the Federal Government with the
object of appraising its priorities, its budget and its efficiency in the
light of the experience of other industrialized countries and of the
requirements of the new scientific age and, without restricting the gen-
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the

Federal Government in the fields of physical, life and human
sciences;

(c) federal assistance to research and development activities
carried out by individuals, universities, industry and other groups
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements
and the structural organization of a dynamic and efficient science
policy for Canada.

That the Committee have power to engage the services of such

counsel, staff and technical advisers as may be necessary for the purpose
of the inquiry;

That the Committee have power to send for persons, papers and
records, to examine witnesses, to report from time to time, to print such
papers and evidence from day to day as may be ordered by the Com-
mittee, to sit during sittings and adjournments of the Senate, and to
adjourn from place to place;

That the papers and evidence received and taken on the subject
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird,
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear,
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—

The question being put on the motion, it was—
Resolved in the affirmative.”



Extract from the Minutes of the Proceedings of the Senate, Thursday,
September 19th, 1968:

“With leave of the Senate,

The Honourable Senator Lamontagne, P.C., moved, seconded by the
Honourable Senator Benidickson, P.C.:

That the name of the Honourable Senator Robichaud be substituted
for that of the Honourable Senator Argue on the list of Senators serving
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate.
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CURRICULUM VITAE
MEMBERS OF THE COMMITTEE

Aird, Hon. John Black B.A., Q.C.. (Toronto). B. May 5, 1923 at Toronto
S. of Hugh Reston Aird and May Black. both Can. Ed. Upper Can. Coll., Univ.
of Toronto and Osgoode Hall. M. July 27, 1944 to Jane, Dau. of Harry B.
Housser of Toronto. Four children: Lucille E., Jane V., Hugh H. and Katherine
B. A. Lawyer. Served as Lieut. R.C.N.V.R. 1942-45. Partner; Edison, Aird &
Berlis; Vice-President and Director The Algoma Central Railway; Director,
Bank of Nova Scotia; Canada Permanent Trust Company; The National Life
Insurance Company of Canada; Consolidated-Bathurst Limited; American Metal
Climax, Inc. Summoned to Senate November 9, 1964. Party pol.: Lib. Rel.:
Anglican. Address: 2 Glenallan Road, Toronto 12; Business: Suite 914, 111
Richmond Street West, Toronto, Ont.

Belisle, Hon. Rheal (Sudbury), B. July 3, 1919 at Blezard Valley. Son
of J. B. Belisle and Philomene Nault (French Canadian). Married Aug. 21,
1941 Edna Rainville—8 children. Educated at Blezard Valley, Chelmsford and
University of Toronto. Councillor, Township of Rayside, 1945; Reeve Township
of Rayside, 7 years 1946-52 inc.; Clerk Treasurer of Rayside Township 2 years;
President and Director of Sudbury and District Municipal Association; Director
of Sudbury and District Home for the Aged; Director of Sudbury and District
Chamber of Commerce, 1950-55; Director, Chelmsford & Valley Chamber of
Commerce, 1952. During World War II served with the Canadian Army, 1941-
43. Entered the Legislative Assembly of Ontario in the new riding of Nickel
Belt at the General Election, June 9, 1955. Re-elected at the General Election,
June 11, 1959. Secretary of Nipissing and Sudbury P.C.s, Vice-President of
Sudbury and President Nickel Belt. Godfather of five universities. Summoned
to Senate, February 4, 1963. Represented the Canadian Senate to NATO
Conference in Paris, October-November 1963. Visited NATO military installa-
tions in NATO countries. President of Sudbury Insurance Agency. Director of
Belden Corporation Limited. Director of Fielding Lumber Co. Ltd. Chairman of
the Board of Governors of University of Sudbury. On December 1, 1964. was
delegated to represent the Senate at the 19th Session of the General Assembly
of the United Nations, New York. April 24, 1965 named for Life, Honorary
President of L’Association D’Education d’Ontario. October 4, 1965 represented
the Canadian Senate to the 20th Session of the General Assembly of the
United Nations, New York, when Pope Paul visited the United Nations. Party
Pol. P.C. Rel.: Catholic. Address 403 Simpson Road, Ottawa.

Bourget, Hon. Maurice, P.C., B.Sc.A., M.E.LC., Ing.P.. (The Laurentides).
B. Oct. 20, 1907 at Lauzon, Que. Ed. Commercial Academy, Quebec, Lauzon
Coll,, and at “Ecole Polytechnique” of Montreal. A consulting engineer. Mem.
Bd. Dir. of British Nfld. Corp. Ltd. and Hall Corp. of Can. Member Engineering
Institute of Canada; Professional Engineers’ Corporation of Quebec. Elect. to
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H. of C. at g.e, 1940 and re-elect. at g.e.,, 1945, 1949, 1953, 1957 and 1958.
Parliamentary Asst., to the Min. of Public Works, Oct. 14, 1953 to 1957. Can.
Del. to U.N, Paris, 1951. Can. Del. Gen. Conf. of Commonwealth Inter-
parliamentary Conference, London, 1961. Joint Chairman of Can. Deleg. to
Tth Mtg. Can.-U.S. Int. Group, Washington, D.C. Jan. 14-19, 1964. Summoned
to Senate Apr. 27, 1963. Speaker, Apr. 27, 1963 to Jan. 6, 1965. Sworn of the
Privy Council, Feb. 22, 1966. Party pol.: Lib. Rel.: Catholic. Address: 59 St.
Etienne St., Lévis, Que.

Cameron, Hon. Donald, B.Sc. M.Sc. LL.D. (Banff). B. Mar 6th, 1903, at Daven-
port, England. S. of Donald Cameron and Marion MacFayden, both
Scottish. Came to Canada, 1906. Ed. at Lakeview High School and Univ. of
Alberta. Degrees: B.Sc. 1930, M.Sc. 1934, LL.D. (Honoris Causa) Univ. of B.C.
1959. M July 6th, 1932, to Stella Mary, dau. of Mr. and Mrs. Samuel Joseph
Ewing, of Calgary, Alberta. One daughter: Mary Jean. Professor. Director
Dept. of Extension, Univ. of Alberta, 1936-1956; Dir. Banff School of Fine Arts,
1936 to present; Dir. Banff School of Advanced Management, since 1952; Dir.
National Film Society of Canada, 1936-1950; Pres. Can. Handicrafts Guild,
1946-49; Mem. National Film Board of Canada, 1943-1950; Chairman Can.
Legion Education Services Pacific Command, 1939-46; Mem. National Advisory
Comm. on Citizenship, 1939-45; Mem. Can. Institute of Agric.; Amer. Acad.
Pol. Science; Mem. Council Can. Assn. for Adult Education; Educational Con-
sultant Performing Arts Magazine. Western Can. Consultant Encyclopedia
Britannica; Mem. Can. Govt. Delegation to Ninth Gen. Conf. UNESCO, New
Delhi, 1956; Leader Can. Del. UNESCO Conf. Montreal, 1960. Appointed Chair-
man Royal Commission on Education, Alberta, 1958. Leader Can. Del. Ninth
Conf. Commonwealth Parl. Assn. Kuala Lumpur 1963. Dir. Rocky Mt. Life
Insurance Co. Summoned to Senate, July 28, 1955. Party pol.: Ind. Liberal.
Rel.: United Church. Address: Edmonton, Alberta.

Desruisseaux, Hon. Paul Q.C., L.L.D. (Wellington). Lawyer, Editor,
Publisher, Broadcaster. B. Sherbrooke, Quebec, Canada, May 1, 1905; S. of
Geoffroy Francois and Sarah (Gauthier) Desruisseaux, grad. St. Charles
College, 1928, Montreal College 1931, grad. Law University of Montreal,
1931-34. Post graduate of Batson Institute 1935, Harvard 1935-1936, M. June 16,
1945 to Celine Duchesnes; Children—Louis (deceased), Francois, Héléna,
Pierre; Admitted to P. of Que. Bar 1934; Practiced in Sherbrooke, Que;
Chairman: Radio and Television Sherbrooke Inc., 1967; Quebec Telemedia Ltd.,
1967; Melchers Distilleries Ltd., 1967; Honorary Board of Governors of the
P. of Q. Association for the Mentally Retarded—1964; Chairman & President:
Desmont Research and Development Inc., 1965; Les Publications Sept Jours
Inc.,, 1966; Barwick Printers 1967; President: Cablevision (Montreal) Ltd.,
1965; La Tribune Inc., 1955-1967; CHLT-TV, CHLT, CHLT-FM 1955-67;
Trilitho Inc., 1964-1967; Cinéma Plaza Inc., 1965; St. Régis Investments Inc.,
since 1948; Association Canadienne des Quotidiens de langue francaise 1961-62;
Vice-President: Delta Service Inc., since 1961; Cinéma Télécinéma Inc., since
1954; Cinéma Premier Inc., since 1953; Telegram Printing & Publishing Co.,
Ltd., since 1951; Director: Royal Bank of Canada since 1962; General Trust of
Canada since 1961; Shawinigan Water & Power Co., 1961 until its nationaliza-
tion in 1965; Southern Canada Power Co., 1958 until nationalization in 1965;
Director. Shawinigan Industries 1962 until nationalization in 1965; Denault Ltd.,
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1961; Quebec Health Services 1961-65; Laurentian Gas Co., since 1960; Financial
Expansion Corp. 1959-65; Quebec General Investments Corp. 1962-63; Walter
M. Lowney Co. Ltd. since 1962; Forano Ltd. 1962-65; Société d’Expansion
Financiére 1962-64; Corgemine Ltd. 1965-67; Director: L’Association Canadien-
ne des Quotidiens de langue Francaise 1959-62; Canadian Press 1963 to 1967;
Canadian Daily Newspaper Association 1963 to 1967; Cartier Gas Co. 1963;
Westmount Life Assn. Co. 1964; The Canadian General Electric Co. 1964;
Montreal Alouettes Football Club Inc. 1964; Terrebonne Development Co. 1965;
University of Sherbrooke Corporation 1959; Commonwealth Press Union
1960-67; Sherbrooke Chamber of Commerce; Vice-President: Board of Trusts
University of Sherbrooke 1957; Board of Regents of University of Ottawa 1960-
65; Governor, Province of Quebec Chamber of Commerce 1964; Governor,
Sherbrooke Hospital 1960; University of Sherbrooke 1956; Vice Dean: Faculty
of Business Administration University of Sherbrooke, from 1958 to 1964;
President: Sherbrooke Section of the Red Cross 1954 to 1957; Ass-Commis-
sioner—Catholic Boy Scouts (Sherbrooke) 1937-39; King’s Counsel 1948—
Queen’s Counsel 1953; Doctor in Law—Honoris Causa, University of Sherbrooke
1964; Commander of the Order of St. Grégoire le Grand 1958; Recipient of the
Latin Union, Bene Merenti and French Alliance medals; Member: Club Social,
Sherbrooke; Hillerest; Sherbrooke Country Club; Canadian Club; Quebec Gar-
rison Club; St. James’ Club, Montreal; St. George Sherbrooke; St. Denis,
Montreal; Forest and Stream Club, Sorel; Summoned to Senate July 8, 1966.
Party pol: Lib. Rel: Catholic. Address: 405 Victoria St., Sherbrooke, Que. and
1115 Sherbrooke St. W., Montreal, Que.

Grosart, Hon. Allister, H. G. (Pickering). B. Dec. 13, 1906 at Dublin, Ire-
land. S. of Herbert Montgomery and Elizabeth Mackey, both Irish. Ed. at China
Island Mission Schools, Chefoo, North China, 1915-1923; Univ. of Toronto, 1923~
1927 Politics and Law and 1928 post graduate International Law. Degrees: B.A.,
Carnegie Fellow of International Law, 1928. M. July 6, 1944 to Louise Geraldene
dau. of Frank George Harnden of Hilton, Ont. Two children: Geraldene Francis
and Victoria Elizabeth. Served with Irish Regiment of Can. 2nd Bttn. C.A. (R)
with rank of Lt. to Major. Former vice-pres. McKim Advertising Ltd. Toronto
and Montreal; former managing dir. Peer International (Canada) and former
National Dir. P.C. Assn. of Can. Mem. of Albany (Toronto), Bonaventure (Mont-
real), Rideau (Ottawa), Royal Can. Geographic Society, Can. Bibliographical
Society, Can. Library Assn. and National Press Club (Ottawa). Summoned to
Senate Sept. 24, 1962. Party pol. Progressive Conservative. Rel. Anglican Church
of Can. Address: The Senate, Ottawa, Ont.

Hays. Hon. Harry William, (Calgary). B. Dec. 25, 1909 at Carstairs, Alta.
S. of Dr. Thomas E. Hays and Ambriss Foster. EQ. at Public School, Glenmore
and St. Mary’s H.S., Calgary. M. Feb. 28, 1934 to Muriel Alica dau. of Ernest
Bigland of Calgary. One son: Daniel Phillip. Mayor Calgary 1959-63. Past
pres. Can. Swine Breeders Assn. and Southern Alta. Egg and Poultry Producers.
Former mem. Alta. Cattle Breeders Assn. and Sheep Breeders Assn. Mem-
Calgary Golf and Country Club, Rotary past Dist. Gov. 1963, and Canadian
Club. First elected to H. of C. g.e. 1963. Sworn of the Privy Council and apptd.
Min. of Agric. April 22, 1963. Summoned to Senate Feb. 24, 1966. Party pol.:
Lib. Rel.: Catholic. Address: 8944 Elbow Dr., Calgary, Alta.

Kinnear, Hon. Mary E. (Welland). B. Apr. 3, 1898 at Wainfleet, Ont. Dau.
of Francis Manning, Fr. Can. and Mirelda Ann Carter, Engl. Can. Ed. at Port
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Colborne P.S. and Welland H.S. M. Dec. 27, 1924 to Robert Alexander (dec.
Sept. 14, 1954) son of Louis Kinnear of Port Colborne. Past pres. Victorian
Order of Nurses, mem. of Niagara Peninsula Christmas Seals, Red Cross Blood
Donors, Port Colborne General Hospital Women’s Auxiliary, Business and
Professional Women’s Club, Ont. Women’s Lib. Assn., Women’s Lib. Fed. of
Can., Port Colborne Country Club and hon. mem. Port Colborne Club and
Gyrette Club. Summoned to the Senate April 6, 1967. Party pol.: Lib. Rel.:
Anglican. Address: 41 Lakeshore Rd., Port Colborne, Ont.

Lamontagne, Hon. Maurice, P.C. M.Sc. B. Sept. 7, 1917, at Mont-Joli, Que.
S. of Alphonse Lamontagne and Sophronie Joncas. Ed. at Rimouski Seminary,
Que.; Dominican Coll., Ottawa; Laval Univ. and Harvard Univ. M. in 1943 to
iJeannette Morin. Three children: Héléne (Mrs. Lucien Binet), Pierre and Ber-
nard. In 1943, asst. in organizing Faculty of Social Sciences at Laval Univ. and
became Prof. of Econs.; Dir. of Dept. of Econs., 1949; apptd. Asst. Deputy Min.,
Northern Affairs and Nat. Resources, 1954. Econ. Adviser to Privy Council,
1955; resigned in 1957 to become Prof. of Econs. at Ottawa Univ. Apptd. Econ.
Adviser to Hon. Lester B. Pearson, then Leader of the Opposition, 1958. Asst.
Dean of Faculty of Social Sciences at Ottawa Univ., 1961. Fellow of Royal
Society of Can. and Fellow of Royal Society of Arts. First elected to H. of C.
g.e. 1963. Sworn of the Privy Council and apptd. Pres. of the Queen’s P.C.
for Canada 22 April, 1963. Apptd. Secretary of State and Registrar General of
Canada February 3, 1964. Professor of Economics at the University of Ottawa
since September 1967. Summoned to the Senate April 6, 1967.

Lang, Honourable Daniel Aiken, Q.C. (South York); Barrister and Solicitor,
Counsel, Lang, Michener, Cranston, Farquaharson & Wright—Bank of Montreal
Building, 50 King Street West, Toronto 1, Ontario; Chairman of the Board,
Canada Coal Corporation Limited, President, Standard Trust Company, Mem-
ber, Board of Governors, University of Toronto, Member, Board of Trustees,
Sunnybrook Hospital; Born at Toronto, Ontari, 13 June, 1919, son of Daniel
Webster Lang, Q.C., and the late Edna (Aiken) Lang; Educated Upper Canada
College; Trinity College University of Toronto, Osgoode Hall Law School 1941
(break for military service) 1945-57; Career—Reed law with Lang & Michener;
called to the Bar of Ontario, 1947, joined law firm of Lang, Michener & Crans-
ton, Toronto, with same firm to date, summoned to the Senate of Canada, 1964;
served in Second World War with the Royal Canadian Naval Volunteer Re-
serve, 1941-45, discharged with rank of Lieutenant; Liberal, Treasurer Liberal
Party in Ontario, 1958-62, Campaign Chairman Ontario, Federal General
Elections 1962, 1963, 1965; Councillor, Municipality of Forest Hill, 1957-61;
Married Frances Shields, daughter of Dr. H. J. Shields and the late Cecil (Oat-
man) Shields, 24 September 1948, has two sons, Daniel and two daughters,
Nancy, Janet; United Church of Canada, Trustee, Bloor Street United Church
Toronto; Knight, Order of St. Lazarus of Jerusalem; Royal Canadian Yacht
Club, Toronto Lawyers’ (Pres. 1960-61), Badminton and Racquet, Osler Bluff
Ski; Residence 43 Hillholm Road, Toronto 7, Ontario.

Leonard, Honourable Thomas D’Arcy, C.B.E.. Q.C., B.A., LL.D. (Toronto-Rose-
dale) Born April 29th, 1895, at Toronto, Ont. Son of Charles Joseph Leonard
and Eleanor O’Brien, both Can. Ed. at University of Toronto and Osgoode
Hall. Degrees: B.A., LL.D., (Toronto). Knight Comdr. of the Order of St.
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Gregory the Great. Practised law with Jones and Leonard, 1919-34, with
Leonard and Leonard, 1934-42. Created Q.C., 1936. General Manager The
Canada Permanent Trust Company, 1942-1956. President The Canada Perma-
nent Trust Co., 1951-58; The Continental Life Insurance Company 1955-59;
Triarch Corporation Ltd.; The Community Chest of Toronto, 1948; Last Post
Fund for Ontario, 1954-58; Canadian Club of Toronto, 1937-38. Vice-Pres.
Canada Permanent Mortgage Corporation. Chairman, National War Finance
Committee for Ontario, 1943-46. Treasurer Canadian Bar Association, 1948-49.
Lieut. 5th Batallion C.E.F. and Royal Air Force. Summoned to Senate, July
28, 1955. Party pol.: Liberal. Rel.: Catholic. Address: 10 Meredith Crescent,
Toronto 5, Ont.

MacKenzie, Hon. Norman Archibald MacRae, C.M.G.. M.M. and Bar, Q.C., B.A.,
LL.B., LLM. LLD. D.C.L. D. Litt. D.Soc.S.. F.R.C.S. (University-Point Grey).
B. Jan. 5, 1894 at Pugwash, N.S. S. of the Rev. James Arthur MacKenzie and
Elizabeth MacRae both Can. Ed. at Pictou Academy, Dalhousie Univ., Har-
vard, St. John’s Coll.,, Cambridge and Gray’s Inn, London. M. Dec. 19, 1928
to Margaret dau. of A. W. Thomas of Toronto. Three children: Patrick Thomas,
Susan Elizabeth (Mrs. Trevor Roote) and Sheila Janet. Pres. Emeritus and
Hon. Professor of International Law, Univ. of B.C. Dir. Bank of N.S. Mem.
Vancouver Comm. Canada Permanent Trust Co. Hon. Colonel. Served with
Can. Infantry 1914-19, 6th C.M.R.’s 85th Bn. N.S. Highlanders. Mem. Univ.
Advisory Bd., Dept. of Labour; Advisory Comm. on Univ. Trg. for Veterans,
Dept. of Veterans’ Affairs; Trustee, Carnegie Foundation for Advancement of
Teaching, 1951-63 (Chairman of the Board of Trustees, 1959), Teachers’ Ins.
and Annuity Assn. of America, 1948-63; Pres. National Conf. of Can. Univ.,
1946-48, Can. Club of Toronto, 1939-40—Hon. Sec. 1930-1939; Chairman, Re-
search Comm., Can. Inst. of Int. Affairs, 1929-40; Founding Mem. and Hon.
Chairman, National Council, Can. Inst. of Int. Affairs; Del. to Inst. of Pacific
Relations Conferences—Shanghai, 1931, Banff, 1933, Yosemite, 1936, Virginia
Beach, 1939, Mont Tremblant, 1942, Br. Comm. Conf.—Toronto, 1933, Sydney,
Australia, 1938, 7th Congress on Laws of Aviation, Lyons, France, 1925, Con-
gresses and Meetings of Univ. of the Br. Comm.—Oxford, 1947, Bristol and
Oxford, 1946, Durham and Cambridge, 1953, Melbourne (observer), 1955,
London, 1963, Montreal and Toronto, 1959; Hon. Pres., National Fed. of Can.
Univ. Students, 1946-47, 1956-57; Mem. Can. Inst. of Public Affairs, Chairman,
1963, American Society of Int. Law, Canadian Bar Assn., Canadian Political
Science Assn., Historical Assn., Vancouver Bd. of Trade, Vancouver Can. Club,
Legal Survey Committee (Survey of the Legal Profession of Canada), 1949-
57; Fellow, Royal Society for the Encouragement of Arts, Manufactures and
Commerce, Royal Canadian Geographical Society; Visiting Lecturer, The Univ.
of Australia, 1955; Pres., Can. Assn. for Adult Education, 1957-59 and Visiting
Lecturer, International Law, U.N.B., Sept.-Dec., 1963. Chairman, Wartime In-
formation Bd., Can., 1943-45, Reconstruction Comm., N.B., 1941-44; Mem.
Royal Comm. on National Development in the Arts, Letters and Sciences, 1949-
51; Chairman, Conciliation Bds. in Labour Disputes, 1937-42—1966, Victory
Loan Comm., Fredericton and York, N.B., 1941-44, Consultative Comm. on
Doukhobor Problems, 1950; Pres., Toronto Branch, League of Nations Society,
1932-36; Vice-pres., National Council of Canadian Y.M.C.A.s: Dir., Can.
Council of Christians and Jews, Western Division; Hon. Pres., Save the Children
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Fund, Canada, B.C. Division, Canadian Mental Health Assn.; Hon. Mem., Na-
tional Bd. of Dir., Can. Mental Health Assn.; Hon. Pres., U.N. Assn. in Canada,
Vancouver Branch; Vice-Pres., -U.N. Assn. in Canada; Hon. Pres., Student
Christian Movement, Univ. of B.C. Branch; Vice-Pres., Can. Authors’ Assn.,
National Branch, 1957; Mem., Can. Council, 1957-63; Pres., Can. National
Comm. for UNESCO, 1957-60, 1962-63; Mem., Canadian-American Committee,
National Planning Association, 1957-63; Pres., Vancouver Branch, English-
Speaking Union of the Commonwealth; Chairman, Canadian Del. to the 10th
Annual Conf. on UNESCO, Paris, 1958; Pres., Leon and Thea Koerner Founda-
tion, 1955; Dir., Bank of Nova Scotia, 1960; Mem., Vancouver Advisory Bd. of
Canada Permanent Toronto General Trust Company, 1962, East African Comm.
on Univ. Education, Sept. and Oct., 1962; Chairman, Mt. Allison Conf. on
European Common Market, 1962, Priorities Committee, Community Chest and
Council, Vancouver, 1962-64, N.S. Univ. Grants Committee, 1963; Mem., P.E.L.
Royal Commission on Financing of Higher Education, 1963-64; Dir., Can.
Centennial Commission, 1963; Pres., Can. Centenary Council, 1962; Dir.
Fathers of Confederation Memorial Foundation, 1963; Mem., N.B. Industrial
Development Board, 1965 and Chairman, C.U.F. Comm. On Int. Studies in
Canadian Univ., 1963. Mem. Faculty Club, U.B.C., Vancouver, Vancouver Club
and Univ. Club, Vancouver. Summoned to Senate Feb. 24, 1966. Party pol.:
Ind. Lib. Rel.: United Church. Address: 4509 W. 4th Ave., Vancouver, B.C.

O’Leary, Hon. M. Grattan. (Carleton). Summoned to Senate September 24,
1962. Party pol.: P.C. Address: Ottawa, Ontario.

Phillips, Hon. Dr. Orville Howard, (Prince). B. April 5, 1924 at O’Leary,
PEIL S. of J. S. Phillips and Maud MacArthur, both of Can. Ed. at Prince of
Wales College and Dalhousie Univ. Doctor of Dental Surgery. M. Aug., 1945
to Marguerite K., dau. of Robert Woodside, of O'Leary, P.E.I. Four children:
Brian, Betty, Robert and Patricia. Served R.C.A.F., 1942-45. Mem. Can. Legion,
R.C.AF. Assoc., P.EI, Curling Assoc, Board of Trade, P.E.I., Dental Assoc.
Board of Governors, Prince of Wales University. First elected to H. of C., g.e.,
1957. Re-elected at g.e., 1958 and June 1962. Summoned to Senate, Feb. 5, 1963.
Party pol.: P.C. Rel.: United Church, Address: Box 155, Alberton, P.E.L
and 195 Grenville St., Summerside, P.E.IL.

Robichaud, Hon. Hedard ].. B.A., P.C., (Gloucester). B. Nov. 2, 1911, at Ship-
pegan. S. of Jean Georges Robichaud and Amanda Boudreau, both Fr. Acadian.
Ed. at Ste. Famille Academy, Sacred Heart Univ., Bathurst, N.B., and St.
Joseph’s Univ. of St. Joseph, N.B. Dr. of Commerce (Hon.), Univ. N.B. M. Oct.
25, 1937, to Gertrude, dau. of Frederic Leger, of Lower Caraquet, N.B. Nine
children: Doris, Mona, Linda, Jean, Robert, Eric, Anne, Louise and Richard.
Fisheries Inspector, 1938-1947. Dir. of Fisheries for N.B., 1947-52. Cand. by-
election, May 1952 and def. First elected to H. of C. g.e. 1953. Re-elected
g.e. 1957, 1958, 1962, 1963 and 1965. Sworn of the Privy Council and apptd.
Min. of Fisheries, April 22, 1963. Party pol.: Lib. Rel.: Catholic. Address:
Caraquet, N.B. Summoned to Senate, June 28, 1968.

Sullivan, Hon. Joseph Albert, M.D., C.M., (North York). B. Jan. 8, 1902, at
Toronto, Ont. S. of Edward Sullivan and Essie Taylor, both British. Ed. at
Univ. of Toronto Schools; Univ. of Toronto, M.D., C.M., 1926; Post-graduate
work in the University of Toronto, New York and several European Centres.
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Physician and surgeon. Honorary Surgeon to Her Majesty the Queen. Member
Can. Jr. Hockey Championship Team 1919, Varsity Grads. Hockey Team
(Olympic Champions 1928; Consultant in Otolaryngology to the R.C.A.F., 1942,
Chief of Dept. of Otolaryngology, St. Michael’s Hospital, Toronto, Ont., ,1945;
Defence Research Board, Ottawa, 1946; Chief of the Hard of Hearing Clinic &
Auditory Research, St. Michael’s Hospital, Toronto, Ont., 1950; Mem. of Board
of Governors, Univ. of Toronto, 1950; Chief Consultant to the Armed Forces
of Canada (Otolaryngology), 1954; Mem. Ont. Cancer Research Foundation,
1954. Mem. of the following Societies: Can. Medical Assoc.; Ont. Medical Assoc.;
Academy of Medicine, Toronto; Fellow of Royal Society of Medicine, England;
European Collegium; American Otological Society; American Academy of Oto-
laryngology and Pres. of the American Otosclerosis Study Group. Fellow of
the Royal College of Surgeons, Canada; Honorary Fellow of the Canadian
Otolaryngological Society; 1963: President, American Otological Society; Hon-
orary Fellow, Otological Section, Royal Society of Medicine. Elected to
Honorary Fellowship of Royal Society of Medicine, England, July, 1964. 1968:
Elected Senior Member of the Canadian Medical Association. Knight of the
Holy Sepulchre, Knight Commander of St. Gregory with Distinction. Clubs:
York Club, Granite Club, University Club. Rosedale Golf Club, Seigniory Club,
Home Club and Rideau Club. Summoned to Senate, Oct. 12, 1957. Party pol.:
P.C. Address: Toronto, Ont.

Thompson, Andrew Ernest Joseph. B.A., M.S.W., (Dowvercourt). B. December
14, 1924 at Belfast, Ireland. S. of Jospeh Stanley and Edith Magill,
both Irish. Ed. at Monkton Combe School, England; Oakwood Collegiate,
Toronto; Toronto University; Queens University and University of B.C.
Degrees: B.A. (Queens), B.SSW., M.S'W. (U. of B.C.). M. July 26, 1958 to
Amy Rusna of Tallinn, Estonia. A social worker. Lt. (R.C.N.-V.R.), 1943-1946.
First elected to Ont. Legis. g.e. 1959. Re-elected g.e. 1963. Resigned as Lib.
Leader Nov. 16, 1966. Party pol.: Lib. Rel.: Protestant. Address; 1177 Bloor
St. W., Toronto, Ont. Summoned to the Senate, April 6, 1967.

Yuzyk, Hon. Paul, B.A., M.A., Ph.D., (Fort Garry); B. June 24, 1913 at Pinto,
Sask. S. of Martin Yuzyk and Katherine Chaban, both Cdn. of Ukrainian
descent. Ed. in Saskatoon, Sask.; Bedford Rd. Coll. Coll. Inst.; Saskatoon Normal
School and Univ. of Sask. M. July 12, 1941 to Mary dau. of John and Irene
Bahniuk of Hafford, Sask.; Four children: Evangeline Paulette, Victoria Irene,
Vera Catherine and Theodore Ronald. Prof. of History and Slavic Studies Univ.
of Man. 1951-1963; Public teacher, (1933-39), High School Teacher, (1939-42);
Served Can. Army, N.C.O., 1943; Awarded Man. Historical Society Fellowship
of $2,500 in 1948. In Man. Historical Society held following positions: Secretary-
Treasurer (1953-58), chairman of Ethnic Group Studies since 1952, editor of
“Transactions” (1953-57), co-editor of “Manitoba Pageant” since 1956, Vice-
President (1958-61), President (1961-63), and secretary of the Manitoba Record
Society 1960-64; Associate editor of “Opinion”, Winnipeg (1948-49); Editorial
Associate of “Ukrainian Directory and Year Book” (1952-56); Founder and
first Sect’y-Treas. (1954-56) of the Cdn. Assn. of Slavists; Pres. of Ukrainian
Cultural and Educational Centre since 1953; Mem. of General Curriculum
Comm., Dept. of Education of Manitoba (1958-59), Y.W.C.A. Advisory Comm.
on Adult Education in Winnipeg (1958-63); Author “The Ukrainians in
Manitoba: A Social History” (Univ. Toronto Press, 1953); Co-author of
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“Ukrainian Reader” (1960), textbook prescribed for High Schools in Manitoba,
Sask. and Alta.; Author of “Ukrainian Canadians: Their Place and Role in
Canadian Life” (Toronto, 1967); also ‘“Canadiens Ukrainiens: Leur Place et
leur réle dans la vie canadienne” (Winnipeg, 1967); Pres. Can. Assn. Slavists,
1963-64; Vice-Pres. Ukrainian Can. Foundation of Taras Shevchenko since
1964. Mem. Bd. Dir Cdn. Centenary Council. Dir. Can. Council of Christians
and Jews (Western Region) since 1963; Social Service Audit, Inc. (Man.)
since 1964 and Community Welfare Planning Council (Winnipeg) since 1965.
Pres. and Dir. Higher Education Scholarship Foundation (Toronto) since 1966.
Mem. Cdn. Del. to 18th Gen. Assem. U.N., 1963. Summoned to Senate Feb. 4,
1963. Party pol.: P.C.; Rel.: Ukrainian Catholic. Address: 1122 Hector Bay E.,

Winnipeg 9, Manitoba.
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DIRECTORS OF RESEARCH

Paquet, Gilles, born in Quebec City in 1936, has done undergraduate work
in philosophy and social sciences at Laval University, and graduate work in
economics at Laval and Queen’s University under fellowships from the Quebec
government and the Canada Council. Has lectured in economics at Carleton
University since 1963 and is presently an associate professor at Carleton, has
conducted research on migration movements, social security, economic develop-
ment, and urban economies under grants from diverse organizations including
the Canadian Council on Urban and Regional Research and the Central Mort-
gage and Housing Corporation; has published a number of papers on these
subjects. Has been associated with the work of the Special Committee of the
Senate on Aging, of the Comité de Recherches sur I’Assurance-Santé (Quebec),
and is presently a director of La Société Canadienne de Science Economique and
the secretary-treasurer of the Canadian Economics Association.

Pocock, Philip John, born in London, Ontario, 19 February 1925. Educated
London primary schools; Greygables School Welland, Ontario. Attended the
University of Western Ontario; transferred to the Massachusetts Institute of
Technology to take a B.Sc. in Aeronautical Engineering. Joined the National
Research Council in 1946 and conducted research in the field of fluid mechanics,
industrial aerodynamics, the aerodynamic design of aircraft and missiles. On
leave from NRC, investigated the design of new aircraft types in the Aero
Projects Section of the Royal Aircraft Establishment, England. While at NRC
served for some time as Secretary of the Technical Advisory Panel of the
National Aeronautical Research Committee and was a Canadian Co-ordinator
for the Commonwealth Advisory Aeronautical Research Council. Was appointed
Head, Low-Speed Aerodynamics. Laboratory in 1960. Joined EXPO ’67 in 1964
where duties included that of Project Officer for the initial planning of the
International Exhibition of Industrial Design and Project Officer of the Inter-
national Exhibition of Photography. Principle extra-curricular activity is
concerned with visual communication. In this field he was joint Chairman of
an international symposium “Photography and Modern Consciousness” (1967).
He is joint author of the book “The Autobiography of J. M. Synge” (O.U.P.).
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THURSDAY, September 19th, 1968.

The Special Committee of the Senate on Science Policy makes its first
Report as follows:

Your Committee recommends that its quorum be five (5) members.
All which is respectfully submitted.

MAURICE LAMONTAGNE,
Chairman.
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MINUTES OF PROCEEDINGS

WEDNESDAY, October 9, 1968.

Pursuant to adjournment and notice the Special Committee on Science
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget,
Cameron, Desruisseaux, Grosart, Kinnear, Lang, Leonard, O'Leary (Carleton),
Robichaud, Sullivan and Yuzyk—13.

Present but not of the Committee: The Honourable Senator McGrand—1.
In attendance: Philip Pocock, Director of Research (Physical Science).

The following witness was heard:

Maxwell Weir Mackenzie, Chairman, Royal Commission on Security;
Member of the Economic Council of Canada.

(A curriculum vitae of the witness follows these Minutes)
At 12.10 p.m. the Committee adjourned to the call of the Chairman.

Attest.

Patrick J. Savoie,
Clerk of the Committee.
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CURRICULUM VITAE OF THE WITNESS

Mackenzie, Maxwell Weir, C.M.G., B.Com., C.A. Mr. Mackenzie was born at
Victoria, B.C., on June 30, 1907. He was educated at Lakefield Preparatory
School in Lakefield, Ont.; Trinity College School, Port Hope, Ont.; and gradu-
ated from McGill University, Montreal (B.Com.) in 1928. He joined the firm
of McDonald, Currie & Co., Chartered Accountants of Montreal, and in June
1929 he was admitted to the Society of Chartered Accountants of the Province
of Quebec. In 1935 he became a partner of the firm. In September 1939, Mr.
Mackenzie joined the Foreign Exchange Control Board to assist in establishing
wartime control over financial transactions between residents of Canada and
residents of other countries, and later he became Chairman of the Board’s
Management Committee. Mr. Mackenzie transferred to the Wartime Prices and
Trade Board in May 1942, and was appointed Deputy Chairman in June 1943.
He returned to McDonald, Currie & Co. in May 1944. In the same year he was
appointed a member of the Royal Commission on Taxation of Annuities and
Family Corporations. In February 1945, Mr. Mackenzie was appointed Deputy
Minister of the Department of Trade and Commerce. He appeared on the
Honours List, July 1, 1946, receiving the C.M.G. for his wartime services.
On August 27, 1946, he was named alternate Canadian delegate to the second
part of the First Session of the United Nations General Assembly. He was
appointed Deputy Minister of the Department of Defence Production, effec-
tive April 1, 1951. On May 1, 1952, Mr. Mackenzie became associated with
Celanese Corporation of America, in charge of its Canadian operations, as
Executive Vice-President of Canadian Chemical & Cellulose Company, Ltd.
He became President of the Company on April 21, 1954. In 1959 he became
a Director of Celanese Corporation of America. He was subsequently Chairman
of the Board of the two Canadian operating companies associated with Celanese
Corporation, Chemcell Limited and Columbia Cellulose Company, Limited. He
retired from these activities at Dec. 31, 1967. Mr. Mackenzie is a Director of the
Canadian Imperial Bank of Commerce, CANRON Limited, The Imperial Life
Assurance Company of Canada, RCA Victor Company, Ltd., and International
Milling Company, Inc. He is a Governor of Carleton University and a Director
of the Private Planning Association of Canada. In December 1963 Mr. Mackenzie
was appointed a member of the Economic Council of Canada. On November 16,
1966, he was appointed Chairman of the Royal Commission on Security. Mr.
Mackenzie was married on September 12, 1931, to Jean Roger Fairbairn. They
have two daughters and two sons.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY

EVIDENCE

Ottawa, Wednesday, October 9, 1968.

The Special Committee on Science Policy
met this day at 10.00 a.m. v

Senator Maurice Lamontagne (Chairman)
in the Chair.

The Chairman: Honourable senators, this is
the first public meeting of the Committee on
Science Policy since it was re-constituted by
the Senate on September 17. I am pleased
indeed to inaugurate this new series of hear-
ings by welcoming Mr. Maxwell Mackenzie,
who was prevented from appearing before us
last spring by the dissolution of Parliament.

Mr. Mackenzie has had a most successful
career both in industry and in the public
service. He is a chartered accountant by
training. In 1939 he joined the Foreign
Exchange Control Board, and in 1942 he
moved to the Wartime Prices and Trade
Board. In 1944 he went back to his firm,
McDonald, Currie and Company, but the fol-
lowing year he returned to Ottawa to serve as
Deputy Minister of Trade and Commerce. In
that capacity he had a long and close associa-
tion with the late C.D. Howe.

In 1952 he became associated with Celanese
Corporation of America, and in 1954 he
became President of Canadian Chemical and
Cellulose Company Limited.

In 1963 he was appointed—and I think I
had something to do with this—to the Board
of the Economic Council of Canada, and he
became Chairman of the Council’s subcom-
mittee on Industrial Research and Technology.

In 1966 Mr. Mackenzie was appointed
Chairman of the Royal Commission on
Security.

I take it, honorable senators, that you have
not had an opportunity to read the brief that
Mr. Mackenzie wants to submit to us; and, if
my assumption is correct, I will ask him to go
over it and then we will have the usual ques-
tion period.

Mr. Maxwell Weir Mackenzie (Chairman,
Royal Commission on Security; Member of
the Economic Council of Canada): Thank you,
Mr. Chairman. I was very pleased to receive
your invitation to attend this meeting of the
committee, and I am delighted to be here
today.

I am not sure that I can add much to your
deliberations on this very important topic,
but I have had some experience with what is
called a science-based industry, in the course
of which I have come to hold some views that
I think may be of interest.

As the chairman has said—I think he has
made it abundantly clear, and I want to make
it clear—I have no scientific or technical
background at all. I am a chartered account-
ant by profession, and I spent the war years
here in Ottawa, and I later became the Depu-
ty Minister of the Department of Trade and
Commerce. The Canadian operation of Cela-
nese Corporation, with which I was associat-
ed for the last 15 years, comprised a pulp and
lumber operation in British Columbia—
Columbia Celulose Company Limited—and a
chemical and synthetic fiber complex in
Edmonton now known as Chemcell Limited. I
retired from these activities in 1966, and com-
pletely severed my connection at the end of
1967.

I am glad the chairman mentioned the Eco-
nomic Council, because the subcommittee that
I chaired published a report in 1965 entitled:
“A General Incentive Programme to Encour-
age Research and Development in Canadian
Industry.” I think it would be worthwhile for
your staff to review that report, even though
the Government did not accept its recommen-
dations. I would like to draw your attention to
the composition of the committee. There were
four members of the Economic Council, and
we brought in six outsiders with considerable
experience in the practical management of
research. The committee included the presi-
dents of Imperial Oil, Noranda, Domtar, Cana-
da Packers, and Canadian General Electric, as
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well as a past president of the National
Research Council, all of these gentlemen act-
ing, of course, as individuals, and not in their
corporate capacities.

I have in these notes covered six points
that I wanted to make. Whether you discuss
them as I go through them one by one, or
when I am finished, is completely open. I do
not mind a bit. But, I shall start with the first
point.

1. The Place of Research in the Innovation
Process:

The basic objective of a science policy, and
the reason for the Government’s interest in it,
I assume, is to provide a stimulant to eco-
nomic growth with all that such growth
makes possible for the country. Of itself,
research does very little to enhance economic
growth. It is only when the results of success-
ful research are actually translated into better
products and things, or better ways of pro-
ducing things, that the real benefits are felt.
So, it seems to me that the first fundamental
in approaching the subject is to get a per-
spective of the part that research plays in the
whole process of technological innovation or
technological development—sometimes called
the total innovation process—from which
process comes the real contribution to our
welfare.

First of all, it can be demonstrated that the
countries of the world that show the best
economic growth rates, by whatever form of
measurement, are the countries that by one
means or another direct an important effort
into research and development. Japan is, per-
haps, an exception, but it seems to me that
Japan is so different in so many ways that I
do not think it spoils the general argument.
That is not to say that all one has to do is to
devote effort to research, and something good
is bound to come out of it, but a sound
research effort seems to be the sine qua non
to a satisfactory economic growth.

But, it takes much more than just a
research effort. A recent study in the United
States entitled “Technological Innovation—Its
Environment and Management” published by
the United States Department of Commerce
in 1967, at page 9, gives the following break-

down of the typical costs involved in success-
ful product innovation:

Research and Development .. 5%-10%
Engineering and Design ...... 10%-20%
Tooling, Manufacturing En-

gineering (getting ready for

manufacturing) ........... 40%-60%
Manufacturing Start-up Ex-

Pense . U A e 5%=-15%
Marketing Start-up Expense .. 10%-25%

In other words, research and development as
such comprises between 5 and 10 per cent of
the total cost of bringing in a new product.

The study then goes on to say:

We need to bear in mind that the path
between an invention (or idea) and the
market place is a hazardous venture,
replete with obstacles and substantial
risks. It is ordinarily a very costly, time-
consuming and difficult task that the
innovator faces. . .

It seems to me that this must be con-
tinuously borne in mind in framing a national
scientific and research policy. If the subject is
approached from the point of view that
successful research is of itself the objective,
we are likely to be disappointed in the end
results. Presumably we in Canada are not
putting hundreds of millions of dollars into
our atomic research programmes just for the
sake of increasing our basic knowledge. We
must plan to develop something from it that
will be of use to us in our daily lives, and,
indeed, in our ability to trade with the rest of
the world. I am not here talking of the origi-
nal research, or its early development. But
once the basic work is done, the further devel-
opment must be toward some economically
viable objective, and the carrying through to
that stage is the really expensive part of the
process. It is also the part of the process that
most importantly calls for the setting of pri-
orities—the balancing of the expected costs
against the economic viability of the expected
results. I shall come to the need for priorities
in the next section of this memorandum, but
I would like to add a further comment about
the relationship between the early stages of
the innovation process.

Let me draw your attention to one aspect of
some of the regulations that have been set up
in the past concerning assistance for industrial
research. It is, of course, necessary to define
what is meant by industrial research, and
various and differing definitions are found in
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the Income Tax Act, the Dominion Bureau of
Statistics instructions, and the regulations of
the Department of Industry. If those defini-
tions are narrowly drawn and rigidly
enforced, as I think from time to time they
have been, they fail, in my opinion, to accom-
plish their real objective. If it were my deci-
sion in administering a research assistance
programme, I would not be concerned wheth-
er a particular item of expense that might be
eligible for government support came within
the strict definition of the R&D element, or
whether it overlapped a bit into the other
phases of the innovation process. I make here
no detailed assessment of these various defini-
tions; indeed, I am not competent to do so,
but simply issue a plea for the adoption of
one standard definition and liberalization of
its terms and application.

To underline this recommendation may I
point out the difference between the R&D
contribution to the development of the United
States economy and to those of the European
countries. It has, T think, been shown pretty
conclusively that there is not the great gap in
scientific knowledge and in R&D on either
side of the Atlantic that is sometimes
assumed. The gap comes from what is done
with the results of R&D. Time and again we
hear of British or European developments of
tremendous importance, but more often it is
in the United States than in, say, the United
Kingdom that these things get translated into
actions that make real contributions to eco-
nomic growth. This committee is, I know,
concerned with scientific policy, and not the
whole question of economic growth, but my
plea is that scientific policy should not take a
narrow view of these matters if it is to
achieve its real objectives.

2. The Need for Priorities:

The Government took a very important and
potentially a very useful step in setting up
the Science Council and the Science
Secretariat. I assume that their major preoc-
cupation will be the establishing of priorities
which, because of our size and limited facili-
ties, must be of the utmost importance.
Before the creation of the Science Council
there was no practical mechanism for co-
ordinating the scientific effort of government.
During my time in Ottawa as Deputy Minis-
ter priorities were determined by the for-
cefulness or otherwise of the individual
minister concerned. A forceful minister got
his departmental projects through and a less
forceful one, who might have had a better
project, often failed. It was, I think, particu-

larly fortunate for Canada that Mr. Howe was
in office when a start was made on our atomic
activities, for he alone carried the ball at
first.

The setting of priorities is, of course, tre-
mendously difficult: First in assessing the
claims for support from the different disci-
plines, and then in the judgments that must
be made as between the individual contenders
for government assistance, namely, govern-
mental, institutional, and industrial organiza-
tion.

The importance of priorities increases, of
course, the farther one gets away from the
basic research field toward the applied
research field, from the search for new
knowledge to the translation of new knowl-
edge into useful things and processes. It is in
this latter stage that the managerial judgment
is so important if we are to get real value
from our research efforts. Questions must be
asked as to the economic potential of the pro-
ject if the research is in fact successful.

I do not want to revive the old controversy
about the ill-fated Arrow programme by
mentioning it, but it seems to me that it illus-
trates what I have in mind. There were at the
time the project was started real doubts
about our ability to sell the aircraft to our
NATO allies, no matter how successful the
project might be. Without such sales, econom-
ic production in Canada was impossible. Some
of our allies could not have afforded the pur-
chase and others would have found it very
difficult, for reasons of national pride and
other considerations, to use a first line fighter
aircraft designed and supplied from offshore.
These are not questions to be decided alone
by the scientific community—but they have a
real bearing, or should have, on our decision
to spend or not to spend millions of dollars on
the research effort involved.

The Science Council has not yet had time
to really show what it is capable of doing but
I would hope that any pronouncement of
scientific policy that this committee may
make will stress the need for a continuing
body of independent government advisors
drawn from those with established expertise
in the field, supported by a suitable
secretariat.

The ultimate decisions must, of course, be
made by the government of the day, but it
seems eminently clear that any group of
ministers, concerned with the myriad of
problems that are theirs, need advice from
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some detached body on matters as complicat-
ed and technical as scientific policy.

3. The Need for Government Assistance to
Industrial Research and Development:

If one accepts the desirability, and indeed
the need for a strong R and D effort in the
country, the question can be asked: is it
necessary for the Government to specifically
assist industry’s efforts? Will not the returns
from successful R and D by industry be a
sufficient inducement?

The basic justification to my mind for gov-
ernment support is that the general social
gains from R and D far exceed the average
gains that are likely to accrue to the individu-
al firm. This issue was very well stated by
Harry G. Johnson in Federal Support for
Basic Research: Some Economic Issues in
Basic Research and National Goals, published
by the National Academy of Sciences in 1965.
He said:

The market will arrive at a socially

efficient allocation of resources provided
that the risks undertaken by and the
prospective returns open to the private
decision-taker coincide with the risks and
returns to society as a whole. These con-
ditions are not fulfilled for private invest-
ment in research, and particularly for
private investment in basic scientific
research. The risk to the private investor
in the creation of scientific and technolog-
ical knowledge is greater than the risk to
society, because the knowledge that re-
sults from the research may be useful to
someone else but not useful to him, and
the return to the private investor is likely
to be less than the return to society as a
whole, because the benefits to society
cannot be fully appropriated by charging
for the use of the knowledge. These
divergences of private and social risks
and benefits are by definition greater for
basic scientific research than for applied
scientific research; they are also smaller
for the large diversified research organi-
zation or industrial corporation than for
the small specialized research organiza-
tion or company.
... In consequence, there 1is good
theoretical reason for expecting that, left
to itself, the market would not only tend
to allocate too few resources to research
in general, but would also tend to bias
the allocation against scientific research
as contrasted with applied scientific
research.

He was there talking more particularly
about basic research as against the more gen-
eral type of industrial research, but the argu-
ment still holds. Another writer on the
subject, F. Machlup in The Production and
Distribution of Knowledge in the United
States, put out by the Princeton University
Press in 1962 says:

The discrepancy between social and
private benefits of R and D is due, among
other things, to two consequences of the
introduction of improved technologies: (1)
The prices of the products concerned are
usually reduced, which will benefit the
consumer, not the innovating producer.
(2) The new technology is adopted sooner
or later by his competitors, which may
help them as well as the consumer, but
not the innovator. This does not mean
that the investor in R and D and first
user of the new technology will not
benefit from his investment; it merely
means that the benefits to society as a
whole are not limited to the benefits
accruing to the investor, and will often
exceed them substantially.

This general reasoning leads me to the con-
clusion that there is a good case for a general
incentive plan to encourage industrial
research and development apart altogether
from any plans that may be devised to
encourage any particular projects that are
thought to be in the national interest.

4. The Nature of Industrial Research:

It is hard to think of any field where there
is a greater need for the principle of decen-
tralized decision-making than in industrial
research and development. Its success rests
entirely on individual initiative, from the
junior research assistant to the senior
research director of the firm. Top company
management must, of course, set goals and
determine general directions, but within that
framework there must be freedom to move
around, to innovate and to explore. Under
these circumstances it seems to me that any
contribution that government can make to
stimulate the general industrial R and D
effort should be in the nature of improving
the general climate rather than any plan
based on the assessment of the worthiness of
individual projects.

In April 1965, the then Minister of Finance
said, in introducing a plan for the general
support of industrial R and D:

Those who wish to receive assistance
based on larger expenditures than this—
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That was $50,000 a year—
will be able to do so by getting prior
agreement from the Minister of Industry
that the research and development
proposed, if successful, would be likely to
benefit Canada.

I come back later to the nationalistic
implications of that statement, but I think it
illustrates an approach that is not conducive
to successful stimulation of our industrial R
and D effort.

First of all, a $50,000 a year limit is pretty
small when a young Ph.D. just out of college
earns about $12,000 a year these days. But
worse than that is the requirement for prior
approval of the development proposed. With
the best will in the world, and with the most
competent federal government officers possi-
ble being involved, how can they second
guess the men in industry, who have equal if
not better scientific training and whose very
jobs depend on running a successful R and D
effort for their companies?

This is not quite like saying that what is
good for General Motors is good for the Unit-
ed States. We are here talking about a very
specialized field, assessing the probable
success of a proposed research program. I
know of no better criterion by which it
should be judged by the government than
whether or not some taxpayer is prepared to
put his own money into the program and to
take his government assistance in the form of
income tax rebates, that is only if he is
successful, not necessarily in that particular
project, but in his overall efforts.

In the recommendations made by the com-
mittee of the Economic Council, to which I
referred earlier we were most specific in urg-
ing that government assistance for industrial
R and D take the form of tax allowances,
with appropriate provisions for carry forward
to future years of research costs made in
unprofitable years. We disagreed with the
plan of grants-in-aid for prior approved
projects as a general form of incentive. Obvi-
ously there is room for a system of grants for
particular projects, but this should be supple-
men'tal to the main incentive scheme.

It seems to me that the chance of any com-
pany engaging in purely frivolous research is
very small indeed. A great deal of research
effort, of course, comes to a dead end and can
by certain criteria, be regarded as wasted.
But that is the way the game is played.

Successful research needs management
interest and support. This means that, first,

29005—3

the research projects must be related to the
needs of the business; second, in order to
recruit and retain the necessary talent the
research projects must be scientifically chal-
lenging; and, third, support funds must be
available on a continuing basis. These objec-
tives can be met most effectively, and at the
least overall cost to the taxpayer, by business
income tax incentives. Such incentives are
open to all and are simple to administer.
They can make a significant contribution to
the cost of research but still demand a finan-
cial commitment by those companies that
elect to qualify. In other words, I believe that
all general efforts by the Government to
stimulate activity in this field should be by
improving the climate, rather than addressing
the particular projects that may be under
way at any given point in time.

5. The International Aspects of Research
and the International Companies:

One of the really vital developments of this
century, thinking in terms of world trade and
the general economic environment, is the
growth of what are loosely described as inter-
national companies and the part they play in
world trade and economic growth. No useful
statistics are available that I know of to mea-
sure their influence, but one can make a few
“guess-estimates”. I saw a calculation the
other day that impressed me. If one takes the
value of United States direct investments
abroad, currently estimated at about $55 bil-
lion, one can assume that this generates a
sales volume of, say, double that amount, or
$110 billion. Comparable figures for the rest
of the free world might well bring that figure
to $200 billion a year. That in turn compares
with a Gross National Product for the free
world of $1,750 billion. Out of $1,750 billion,
$200 billion—while important—is perhaps not
so startling a comparison but, if one projects
those figures forward for, say, 20 years and
assumes a 4 per cent annual growth rate for
national GNP’s but a 10 per cent growth rate
for the international companies—and 4 per
cent and 10 per cent respectively are not out
of line with recent experience—one gets to
the point in 1987 where one-third of the free
world’s GNP will derive from the internation-
al companies. I do not want to hang too much
argument on that arithmetic but I do think it
illustrates that the international companies
are beyond question a force to be reckoned
with in any future planning.

Now, these companies are in large measure
science-based companies—and their very size
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has been dictated, among other reasons, by
their need to be able to support extensive
research and development efforts. My own
experience has proven to me that no purely
Canadian company, that was basically operat-
ing in the Canadian market, could possibly
function effectively in the synthetic fibre field
without access to the R and D of some much
larger international company. Thus, we find
in Canada, Chemcell with which I was
associated, as part of the Celanese family.
CIL is part of the Imperial Chemical Indus-
tries family; Dupont of Canada is in the
Dupont family; and Courtaulds of Canada in
the Courtaulds of England family. Licensing
and royalty arrangements are useful but are
no substitute for direct access to continuing
technological developments. By definition the
licensee is never in the forefront; he is
always a few laps behind. I suspect that what
is true in the synthetic fibre field is true in
many others—and whether we like it or not
the big international companies are now a
fact of life. They are here to stay and we
have to learn to live with them, and hopeful-
ly to develop more of our own.

This, it seems to me, has a real bearing or
should have a real bearing on our scientific
and research policy. It is a companion piece
to the almost trite saying that scientific
knowledge, like all knowledge, knows no
national frontiers. No industrial R and D
effort, that was worth its salt, could operate
on the basis of solely Canadian scientific
knowledge; it must have access to what is
going on in other parts of the world. And this
brings me to the point of Canadian
nationalism in our research policy. I firmly
believe that the Canadian Government
approach to the encouragement of industrial
research should be to develop a competence
for good research in Canada rather than the
narrow approach of looking at individual
projects to see if they themselves “will
benefit Canada”.

In Chemcell we had access to a tremendous
volume of material in the R and D depart-
ments of Celanese Corp. That access, how-
ever, was worthless unless we had the trained
personnel in Canada to know how to use what
was available to us. In order to have that
competence we had to have our own R and D
effort in Canada—and one good enough to
attract good people to it—which means
among other things an opportunity for the
scientific personnel to do original work on
their own. In our view, the important matter
was not whether the results of their labours

in Canada were ultimately followed through
in Canada or elsewhere. The absolute amount
they could produce in any event would prob-
ably be small in comparison to what was
available to us through the huge R and D
effort of Celanese. What was of primary
importance was to have in Canada a compe-
tence to take advantage of what was available
to us.

Let me cite a case history from my own
experience. Celanese Corp. in its laboratories
in the United States developed, to bench
scale, a process for producing pentaery-
thritol—a polyhydric alcohol made by com-
bining acetaldehyde and formaldehyde. It is
used extensively in the manufacture of many
types of surface coatings for such applications
as automobile finishes, refrigerators and other
domestic appliances, paints for railway box
cars and many types of enamels. It is also
used in the manufacture of explosives and in
some plasticisers.

Chemcell was given the opportunity of
bringing this development into actual produc-
tion. This meant bringing it from the bench
scale, through the pilot plant stage and ulti-
mately to the commercial production stage. A
very substantial amount of further R and D
work was required for this purpose, which
we undertook at Edmonton—and eventually
we were successful. The plant has been
increased to some extent in size but more
importantly by improved processes and tech-
niques until it is now one of the largest, if not
the largest, units producing this product in
the world. We believe it is also one of the
most efficient in the world. We got to the
point where, apart from the Canadian market
which is only a few million pounds a year,
we had almost 10 per cent of the whole Unit-
ed States market and sold in some 35 or 40
other countries. Taking Canadian raw materi-
als that sell for less than one cent a pound—
and here I refer to butane and propane from
which we made acetaldehyde and formalde-
hyde—and producing a product that sells in
export markets for over twenty-five cents a
pound, is certainly good for the Canadian
economy. Eventually, the demand in the Unit-
ed States was such that Celanese decided to
build its own plant in Texas, which they did
in large measure on the basis of our R & D
effort in Canada. In the result we have, of
course, lost most of the United States market
for the Canadian company; but we still have
a 50,000,000 pound production in Canada that
we sell in some 35 or 40 different markets.
Here was a situation based in the early stages
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on R & D done in the United States—but then
very largely on R & D done in Canada. The
work done in Canada has undoubtedly
benefited Canada, but not exclusively; it has
also benefited the United States. But, without
access to the original work in the United
States first, the development just would not
have happened in Canada.

In another field, with which I am connect-
ed, RCA Victor Company Ltd. conducts a
very substantial research and development
effort in Canada—and, by arrangement with
its parent, it has specialized in certain areas
of research in Canada which complement
rather than duplicate the research efforts of
RCA in the United States. This means that
the experts in these chosen fields are in Cana-
da, and there is therefore a strong reason
why the development of a new product
should be carried out in Canada—and,
indeed, the technical and sales service func-
tion performed by Canada. This is what has
happened with manufacturing in Canada and
world-wide sales made from Canada of these
particular products. Presumably, this will
continue so long as other Canadian condi-
tions, such as taxation, are not more onerous
than in the United States. But, here again,
the R & D effort, while centered in Canada, is
not exclusively Canadian. There must be a
free play between the Canadian scientists and
their counterparts in the United States. The
Canadian researchers need access to what has
been done in related fields in the United
States laboratories and, indeed, the United
States researchers need similar access to the
Canadian effort. While there can be some
degree of specialization between the two, they
cannot operate in watertight compartments.

Any attempt to “nationalize” the results of
the Canadian effort, either by legislation or
by regulation, can only act in one direction—
to reduce the effectiveness of the Canadian
research operations—with a consequent
diminution of its contribution to our welfare.

I do not want to suggest for one moment
that a research effort in a purely Canadian
owned and operated company is necessarily
inferior to a research effort tied into an inter-
national company. It simply means that the
purely Canadian company must find other
means of getting such information as it needs
flrom foreign sources, because this it must

ave.

My point is that, with the tremendous
development of international companies and
the huge reservoir of technical knowledge
that they have, we defeat our own ends if in
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our research and development policy we dis-
criminate in any way against them as com-
pared to purely Canadian companies.

My views, I am sure, are coloured because
my industrial experience has been entirely
with the Canadian subsidiary of a large Unit-
ed States company. But this is the area that
has caused concern to those in Ottawa who
have framed our industrial research incentive
plans, and are concerned that the results of
research should “benefit Canada”.

6. The Concept of Centres of Excellence and
the Brain “Drain” or “Gain”:

There is only one more small point I want
to make, and that is that we hear a good deal
these days about the “brain drain” and ques-
tions are raised about the wisdom of spending
large sums of public money to develop highly
trained scientists who, when their education
is completed, go immediately to the United

States.

Undoubtedly there will be some such move-
ment, but it is not just in one direction. Each
year Canada receives quite a substantial
number of trained scientists from the United
Kingdom, Europe and other countries, and
the net “drain” or, possibly, “gain” is a very
different matter from the gross figures.

However, this situation simply reflects
another aspect of the international nature of
the scientific endeavour; and, if we want to
deal with it, there is in my mind only one
basic approach that we can take.

The good scientists who go to the United
States are attracted, I believe, not so much
by the somewhat higher incomes they make
but by the wider opportunities they think
they will have in their chosen field. Probably
more than in most other types of employ-
ment, the attraction to a good scientific
researcher of working with or under recog-
nized leaders in the field is the strongest
drawing card; and the country where the
work is carried out is secondary. Obviously
living and working conditions have to be
satisfactory. Columbia Cellulose, for example,
was unable to build up a good research
organization at Prince Rupert, which we tried
to do. Eventually we had to move the whole
department to Vancouver because, with such
a demand for good men in the pulp and paper
field, we could not get first-class recruits to
separate themselves from the larger centres,
particularly those with appropriate universi-
ties and other research establishments in the
environs.
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I am persuaded, particularly by our experi-
ence in Edmonton, that the concept of a cen-
tre of excellence is what counts. Located in
an area where there is a reasonably sized
scientific community, a comparatively small
research and development activity can be
mounted, provided it has at its head men
good enough to attract others and occasionally
to bring distinguished scientists to visit, to
lecture and, possibly, to participate in its pro-
grams. It does not have to be large but, if the
quality is there, there is not too much difficul-
ty in recruiting and holding staff.

Again and again one comes back to the
same thing: Good research needs an appropri-
ate climate, and I believe that all general
efforts by the Government to stimulate activi-
ty in this field should be toward improving
the climate, rather than addressing the par-
ticular projects that may be under way at any
given point of time.

May I sum up the six points I have tried to
make by saying that:

1. Research is only a small part of the
innovation process which is our real
objective.

2. There is a most pressing need to
develop priorities.

3. Industrial research merits a general
incentive plan.

4. By its nature, industrial research is
dependent on decentralized decision-mak-
ing. Tax incentives provide the most
effective scheme for encouraging such
decentralized decision-making.

5. We should accept and not be afraid
of the international implications of
research.

6. Concentration on centres of excel-
lence is our best defence against the
brain drain.

The Chairman: Thank you very much Mr.
Mackenzie. It is time now for a recess; we
shall reconvene in ten minutes. (Short recess)

(Upon resuming)

The Chairman: May we come to order?
Senator Grosart.

Senator Grosari: Mr. Mackenzie, this is a
most interesting paper you have put before
us. I tried to get a copy of the economic
report to which you referred, in order to see
what your committee did recommend. I am
sorry to say that our Parliamentary Library
does not seem to have a copy of the Report of
the Economic Committee.

Mr. Mackenzie: I can arrange for that.

Senator Grosart: There may be one which
somebody else has borrowed. The information
I had was that one was not available. In any
event, looking over your paper, Mr. Macken-
zie, I realize that you are dealing largely with
industrial research, which, as you know bet-
ter than I, is not the whole field of research.

The Chairman: By the way, Senator Gro-
sart, before you go on, I think it would be a
good idea if a copy of that report could be
circulated to all members of the committee.

Mr. Mackenzie: That can be very easily
arranged.

Senator Grosart: Mr. Mackenzie, could you
indicate to us to what extent the conclusions
you have reached about the method of Gov-
ernment allotment of research funds will ap-
ply in the larger, sociological field, for ex-
ample, to such things as research into air and
water pollution?

Mr. Mackenzie: This, it seems to me, is the
sort of job the Science Council should address
itself to. These areas are particularly suitable
for research being done in Government
organizations, such as the National Research
Council, the Defence Research Board and so
on, and in universities by sponsored projects
and by other research establishments, as dis-
tinct from the fields that should be handled in
the industrial sector.

I have the feeling that in a great many of
these major areas, such as air pollution and
water pollution, some of the basic work has
to be done either in Government or, for
example, by sponsored projects in universities
as distinet from industrial research. On the
other hand, there are fields in which the Gov-
ernment has concerned itself that might more
appropriately be the concern of industry. I am
not competent to really express an opinion,
but I believe the National Research Council
for some time did quite extensive research into
building materials that would be used for
housing in the north and so on. There may be
some special aspects of that, but a lot of the
building material research, it seems to me,
could be done just as well in industry as in a
Government department.

On the other hand, if you are addressing
yourself to such problems as the water pollu-
tion in Lake Erie, some of the basic research
has to be done by Government sponsored
projects as distinet from industry.
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Senator Grosart: Your two main sugges-
tions, it seems to me, are, one, the negative
one that industrial research should not be
subject to prior Government approval, that
is, in respect of any Government assistance,
and, two, that Government assistance should
be in the form of tax rebates or tax incen-
tives. You also discuss the definition of
research. I wonder if you would suggest how,
without prior approval, it will be possible for
a Government to decide what is industrial
research in the sense that you use the term. I
am thinking of the very large amount of
industrial research that has really no direct
social values but is merely concerned with
product switches. That is, it is not concerned
with product innovation but with product
switching. Is this not so? A great deal of
research money does go into switching the
product from “Duz” to “Zam” or “Zim” or
whatever. How would you make a distinc-
tion? If your industrial firm said that this was
research and therefore wanted a tax incentive
in respect of it, how would the Government
know what was what if it was not subject to
some kind of prior checking?

Mr. Mackenzie: Until this new approach
came in a few years ago, we did rely on
definitions in the Income Tax Act and regula-
tions and in the Dominion Bureau of Statistics
—definitions as to what was meant and
what was covered and what sort of research
would be eligible for these programs which
were tax incentive programs. Those defini-
tions were not perfect. They could have been
improved. But I do not think it is beyond the
scope of a good draftsman to define what the
Government means by research. At the
moment there is an exclusion of anything in
the nature of market research.

Following that, perhaps your soap illustra-
tion is market research as distinct from
research to improve the product. But if a
large soap company were to undertake a pro-
ject which would make a material contribu-
tion to the pollution aspect of synthetic deter-
gents as distinet from soap, that would cer-
tainly be worth-while. I have been told that
detergents are a major factor in the problem
of pollution. If there were some basic
research that could change the chemical
nature of detergents so that they would not
have the present deleterious effect, clearly
that would be a type of research that should
be covered by an incentive program. Howev-
er that is a very different matter from the
question of market research in which you

research to see whether you can persuade a
housewife that one product is superior to
another.

Senator Grosart: It goes a little further than
that, Mr. Mackenzie. It is not just a question
of mere market research, because market
research very easily becomes product re-
search and product innovation, which is
what you are talking about. To take another
example, perhaps an automobile firm decides
to spend a lot of money in research to obtain
a better chrome for its cars. Their only pur-
pose is to make the car prettier. The better
chrome adds nothing to safety; there is no
sociological value. In the view of the manu-
facturer, all it does is make the car more
saleable. Let us- say the manufacturer came
up with a lighter kind of chrome for his car;
would you give any tax exemption for that
kind of research?

Mr. Mackenzie: I would be inclined to err
on the side of giving those incentives rather
than not giving them, because I think the
main function of a general industrial research
assistance program—and by that I mean a
deliberate program by the Government—is to
try to encourage research and to improve the
“climate” so that there can be a lively kind of
research atmosphere at all times. I would be
very liberal in the interpretation of that. I
would not be too concerned about smaller
details, because I think the chances of doing
purely frivolous research are fairly small.
The amount that would be wasted would be
very little, I would think.

Senator Grosart: It depends, of course, on
what you mean by frivolous.

Mr. Mackenzie: I believe most of the manu-
facturers who embark on programs to spend
a substantial amount of money do try to
improve their products, whether merely for
the purpose of making their products more
desirable to the customers or in order to make
them serve better and last longer. Most of
that research is pretty serious minded.

Senator Grosart: Whether it is true or not,
we also from time to time hear of deliberate
obsolescence research. What would you do
with this type of research in respect of tax
incentives?

Mr. Mackenzie: Well, I do not know. This
is a subject that I hear talked about, but I
really have no concrete examples that I can
point to.
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Senator Grosart: All I am trying to get at is
how you control this if you do not have some
prior checkup on the amount of research that
a company is going to do, and is going to
claim for in respect of tax exemption. It
seems to me that there would be a very diffi-
cult situation if at the end of its financial year
a company prepares its financial statements
on the assumption that certain items are tax
deductible. As anybody who has had experi-
ence with the Department of National Reve-
nue knows, they are not easy to get along
with. Suppose they say, “No, no”?

Mr. Mackenzie: Well, if it is written into
the law then there lies an appeal to the courts
on these questions. I simply believe that in
this area decentralized decision-making is ter-
ribly important, and it is undesirable to set
up an alternative system of a group of wise
men in Ottawa to evaluate things. I think the
chances of loss arising from an improper use
of such a system is a small price to pay for
the very real stimulation you will get from a
decentralized decision-making process.

Senator Grosart: There is one last question
that occurs to me at this moment and it is
with respect to this so-called nationalisn. You
say it would be very unwise in this field of R
and D to discriminate against what you call
the international companies. What happens if
the international companies discriminate
against Canada? You mentioned, for example,
that in the case of pentaerythritol it is quite
possible that if the rate of taxation is not
acceptable to the company they might pull
out of Canada. Looking into the future, the
proportion of the gross national product that
the international companies will be responsi-
ble for is frightening—at least, to me it is
frightening.

Mr. Mackenzie: That is right.

Senator Grosart: It frightens me to consider
the position that a country such as Canada
might be in. What you are saying is that we
must not discriminate against them, but if
they do not like the social and political deci-
sion in Canada to raise the corporate tax to
54 per cent then they may pull out, despite
the fact that they might have received the
benefits of certain tax incentives. The Canadi-
an public may have paid for their research,
such as in the Edmonton case, and they can
take it away tomorrow. Surely, there must be
a quid pro quo here. We are not to discrimi-
nate against them, but how are we to prevent
their discriminating against us? Or, how does
Trinidad and Tobago, or any other country,

protect itself? I ask this question because you
made a very strong point of it. I am not being
chauvinistic about this.

Mr. Mackenzie: No, no.

Senator Grosart: It is interesting to hear
you say there has to be this non-nationalistic
type of policymaking, and that we are not to
say it is to be for the benefit of Canada. It is
interesting to hear you say that you do not
like this policy that it must be for the benefit
of Canada. I do not understand that,

Mr. Mackenzie: Well, on this whole subject
of international companies there is, I think, a
tremendous area that needs a great deal of
study. I believe personally that there are
ways of going about getting some degree of
control; of recognizing the international com-
panies as a fact of life, and finding some
form of international agreement that will con-
trol their behaviour. I believe it is not beyond
the realms of possibility. This is a very big
international subject. It is nothing that Cana-
da itself can do, but I think something can be
done which would control, in the interests of
the small countries, the fantastic effect that is
going to come about by the development of
these international companies, based largely
in the United States, because of the extent
that they are used as instruments of United
States policy around the rest of the world.
The problems that are arising between Cana-
da and the United States are going to be
repeated time and again in other countries as
they progress in their development. We can
see it beginning in Europe, and so on, now.

What I am really saying, I think, is that we
ought to recognize that these international
companies are a fact of life; that they have
tremendous research organizations. We have
access to all of that information, and we
should not discriminate against them, in my
book, as against a Canadian company in mat-
ters of research.

There was a philosophy here that we had
good Canadian companies, we had bad
Canadian companies, and we had middle
Canadian companies. If you were a good
Canadian company you were owned 100 per
cent in Canada. If you were a bad Canadian
company you were owned 100 per cent out-
side Canada. If you were a middle Canadian
company you had a 25-50 per cent Canadian
ownership. I think that that was a great mis-
take in the whole approach to this thing, when
you are talking of a field like industrial
research.
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1t is perfectly true, I suppose, that in the
case of R.C.A., for instance, which is a whol-
ly-owned subsidiary in Canada, the directors
in the United States could make a decision to
pull out of Canada entirely. But, they are not
likely to do that because they have a very
good and viable business here, and they make
some money up here. So, there is no real
reason why they should pull everything out.

The Chairman: But do you not think your
argument would be much stronger if you
were to say that industrial research should
not be for the exclusive benefit of Canada? I
refer to the illustrations you have given. You
have mentioned cases of where Canada
benefited.

Mr. Mackenzie: That is right.

The Chairman: I do not think the objective
should be something for the exclusive benefit
of Canada, but, surely, if there is no Canadi-
an benefit at all in a project, or in a program
of research, then I do not see why the Gov-
ernment should spend money on it.

Mr. Mackenzie: I quite agree, but it is this
exclusive feature. There is a suggestion that
it has to be exclusively for Canada.

Senator Grosart: I want to make it clear
that I agree with you entirely. There is
importance to Canada in the research that is
available to us not only from abroad but in
the research facilities that such companies
make possible in Canada, and which provide
training for our people. I agree with you
entirely on that. I only raise the question of
the possible consequences of one of your
suggestions. That is all, Mr. Chairman.

Senator O’Leary (Carleton): Mr. Mackenzie,
getting away from the international aspect of
the matter for the moment, I should like to
ask you how much sharing there is in Canada
of the results of industrial research by purely
Canadian companies. For example, if MacMil-
lan Bloedel, which is a wealthy company, can
afford certain research, and it discovers some
new, better, or more efficient means of pro-
duction, would they share that new knowl-
edge with their competitors—with the Fraser
Company, for example? If they do not, is
there any way of making them do so?

Mr. Mackenzie: Well, in my experience the
pulp and paper industry which you have
picked is one industry where there is a fan-
tastic exchange of information between all
the companies, be they American-owned or
Canadian-owned.

The Chairman: Yes, they have joint
research.
Mr. Mackenzie: Yes, they have a joint

research operation, as you know, which is
supported in large measure by the Govern-
ment. But the situation is quite different from
that which prevails in say the chemical
industry. The pulp and paper industry will let
people from other companies come and visit
their mills, see their machinery in operation,
look at their new developments, and so on.
There is an amazing interchange of informa-
tion, so I do not think there is really a prob-
lem in the particular industry you have
mentioned.

Senator O’Leary (Carleton): Will that apply
to Alcan, International Nickel, and some of
the other industries?

Mr. Mackenzie: I think the pulp and paper
industry is quite different from the others—
from the chemical industry and the mining
industry, and so on, where there is much
more concern about the proprietorship of new
developments.

Senator Aird: Do you have any opinion as
to why there is a difference?

Mr. Mackenzie: The chairman suggests it
goes back to the thirties. It is an industry that
went through an awful lot of trouble. Perhaps
it is because the end product is very much
the same; newsprint is pretty much newsprint
when you get down to it, and pulp is pretty
much pulp in the international market as dis-
tinet from a lot of chemical products and
more exotic minerals and things like that. I
don’t really know.

Senator O’Leary (Carleton): Could there be
any system devised by which government or
the state could in some way say that industri-
al research results should be shared? By this
I mean pure research and pure science.
Everybody knows that if a university discov-
ers something it is made public and all the
world knows about it, but in industrial
research how do they get some uniformity of
benefit?

Mr. Mackenzie: I don’t think they do.

Senator O’Leary (Carleton): You don’t. It
could well be that a good Canadian company
could be put out of business by another big-
ger company having better industrial infor-
mation. What could the Science Council do
ahout that?
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Mr. Mackenzie: That is the way the game is
played. That is the system we operate under.

The Chairman: I suppose the only way is
through the licensing of patents.

Mr. Mackenzie: But that gets into the whole
area of patents which is a complex subject.

Senator O’Leary (Carleton): If the Govern-
ment of Canada is going to go in for industri-
al scientific research and the result is that
some large competitor puts another competi-
tor out of business, I don’t see any results for
Canada in that. I would not want to be a
party to enabling some rich company to get
even richer because of its industrial research.

Mr. Mackenzie: I don’t think the objective
is to put some other company out of business.

Senator O’Leary (Carleton): But it happens,
and it could happen. If the fruits of industrial
research are merely to build up some power-
ful company to make it more powerful, I
submit that in my opinion that is not good
enough. We should not concern ourselves
with that.

Mr. Mackenzie: I would not use the word
“merely”’. That is not the important purpose.

Senator O'Leary (Carleton): But it could be
one important result. Is there any way of
guarding against that?

Mr. Mackenzie: In a competitive situation?

Senator O'Leary (Carleton): We have done
a lot about other competition. In fact in the
last 30 years we have done nothing else but
try to destroy competition. Why stop there?
This is a very important field so far as the
nation is concerned; industrial research affects
our export trade and world trade. Are you
telling me that this is the way the game is
played? If some huge firm ilke Alcan or
International can by industrial research put
their competitors out of business, you say
that is O.K.? You say it is the way the game
is played?

Mr. MacKenzie: Senator O’Leary, I don’t
know that I said exactly that. I said there
could be some casualties in this.

Senator O’Leary (Carleton): And we take
no steps to protect ourselves against such
casualties? Are there any steps we could
take? I don’t believe there are.

Mr. Mackenzie: I don’t know of any I
would recommend. There are certain built-in
provisions in the laws to try to deal with the

situation. But your approach presupposes that
the objective of these large companies is to
put little people out of business. This is not
the objective.

Senator O’Leary (Carleton): But they might
be big people. They might try to put Con-
solidated Paper or Fraser out of business or
put them in the position where they wished
to God they were not in business.

Senator Grosart: You say industrial
research is a function of big business. I would
say that perhaps this is the point Senator
O’Leary is making, that if we are going to
put public money into creating a bigness, and
tax incentives involve public money, that can
be deleterious to other citizens or companies,
legal citizens, isn’t there some way or some
means of dealing with this? If a decision is
made to go ahead with any particular kind of
industrial research and claim public payment
for it, which is what a tax incentive scheme
is, isn’t there a great danger here?

Mr. MacKenzie: It seems to me it is not a
question of whether we like it or whether we
do not like it. The facts of life are that the
major research efforts in this day and age are
likely to be undertaken by the larger compa-
nies. One obviously does not want to do any-
thing to prevent a smaller company growing
to the point where it can play in that league,
but I think you will have to admit that the
bulk of this major industrial research effort is
by larger companies. It is not a question of
whether they are Canadian or American com-
panies, and if you accept that, then it seems
to me the system ought to be to encourage
these companies to do it by a tax incentive
program that is open to everybody.

Senator Grosart: But is it open to every-
body? First of all you have to find the capital,
and big companies have the capital. This may
not be the case with small companies.

Mr. Mackenzie: Well, everybody that is
qualified to get in and play in that league.

Senator Grosart: But is there not a big
difference between that and the situation in
the United States where, for example, under
NASA they say to a small company “Here is
the money to do some particular research.”
The big companies already have the capital
which they can spend and then claim. There
must be many small companies who cannot
do this, and this is my concern.

Mr. Mackenzie: Let me make it clear that I
am talking here about one part of the Gov-
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ernment’s program which can stimulate
research. One thing they do, and it is expen-
sive to do it, is to maintain for themselves
extensive research facilities like the National
Research Council and the other research
activities that go on in government. Another
aspect of it is contributions to universities,
hospitals, medical research and all the rest of
it. There is also sponsored specific project
research. The Defence Research Board may
come up with some idea that they want a
particular company to develop for them. It is
not a question of size but the question of the
individuals concerned and their ability. But
apart altogether from these aspects I say
there should be a general incentive scheme
for general industry, not to the exclusion of
these other things but in addition to these
other things, and the general approach that I
would recommend would be a tax deduction
approach as opposed to a system of approval
of individual projects.

Senator Grosart: Do I understand you are
not recommending this tax incentive as the
whole Government policy in respect of indus-
trial reearch?

Mr. Mackenzie: No, surely not. This is one
aspect of it.

The Chairman: Do you think it will be
possible also to further encourabe co-opera-
tive effort in industrial research in smaller
companies or smaller firms?

Mr. Mackenzie: I do not know about this, I
am not at all sure such plans will work.
There are certain areas in which it is abun-
dantly clear that the research has to be done
in a centralized place. Agriculture is a very
good example. You cannot expect an individu-
al farmer to set up a research establishment;
that can be done only by some organization.
The same applies in fisheries and so on.
However, when you get to industrial
research, pulp and paper seems to be able to
do this but whether it is practical in any
other industries I am not at all sure. I have
yet to be satisfied on that score. I do not
think so.

Senator Aird: One of the problems we have
discussed at previous meetings is the difficul-
ty in taking inventory in the ever-changing
technological scene. Presuming the validity of
your point that the Government should have
no control over the inception of R and D, for
instance in Chemcell, do you think there
comes a point when there should be a sharing

of this? Previously I asked why the paper
industry was related to the chemical industry.
I think there are many self-evident answers,
which you have now given. From the Canadi-
an point of view a multiplicity of products is
emerging. It seems that in the chemical
industry there are overtones of other Kkinds
of facets and usages; certainly arms, ammuni-
tion, emanate from the chemical industry.

Given that background and our problem of
inventory—I hesitate to use the word “con-
trol” because I am not sure that is what the
Government is looking for, but perhaps direc-
tion; the Government is addressing itself to
the problem of direction—do you not think
that at some stage, even for a company such
as Chemcell, there gets to be a sharing, a
disclosure, so that people can know and make
up their minds, so that in effect the Govern-
ment can make up its mind about the priori-
ties you discuss in your brief?

Mr. Mackenzie: I quite agree. Chemcell, for
instance, at one time had three or four
individual projects which had been approved
by the National Research Council, of which
the Government was sharing about half the
cost. They were projects we dreamed up, if
you like, which went to the National Research
Council who felt they were useful and were
prepared to go along with them. That is a
highly desirable part of this program. I am
saying I do not think the whole of govern-
ment encouragement for industrial research
should be based on that approach, where you
need individual approval of the individual
projects. I think that over and above that you
need this general incentive which we had
until a few years ago.

Senator Aird: I am presuming the validity
of your argument and that at its inception
your R and D should go forward, because I
happen to agree that there are not too many
frivolous research enterprises undertaken by
industry generally. However, there gets to be
a stage—and I think this is the centre of our
problem—of deciding what can be done to
effect this common knowledge with the prior-
ity that we are seeking. This follows on Sena-
tor O’Leary’s (Carleton) line of questioning. It
seems to me that we do get to that stage.

Senator O’Leary (Carleton): Would there be
a solution in the company reporting its
findings to the National Research Council?
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Mr. Mackenzie: On projects which are
specifically approved obviously they report
their findings to the National Research
Council.

Senator O’Leary (Carleton): But are they
compelled to report, or should they conceal?

Mr. Mackenzie: I do not think so. Frankly,
I am not equipped to answer that in detail. I
believe the results of that research accrue to
the company itself, but I think the knowledge
of it goes to the National Research Council.

Senator Bourget: Could it be spread around
after that, or should it just be given to the
company?

Mr. Mackenzie: I think you would have to
ask somebody from the National Research
Council how that system works. I am not up
to date on this now and am not competent to
answer. It was my understanding that if
something patentable came out of this
research Chemcell would in fact own the pat-
ent. Once you get a patent on something it is
still available to other people, but they have
to pay for it. I would suggest that you get the
details of that plan from the National
Research Council because I am not sufficient-
ly well informed on it.

Senator Yuzyk: Do any aspects of industrial
research come under security regulations? I
take advantage of the fact that you are chair-
man of the Royal Commission on Security. I
understand that in the very near future the
report will be tabled in Parliament. Is there
anything in the report about science policy in
connection with security?

Mr. Mackenzie: I do not think I can here
discuss what is in the report. The report has
not yet been tabled.

Senator Yuzyk: I am asking in just a gener-
al way. Does it deal with science policy at
all? We will get the report when it is tabled.

The Chairman: But we do not have it.

Mr. Mackenzie: We do not have it at the
moment.

Senator Robichaud: At one stage of your
argument you say that we should accept and
not be afraid of the international implications
of research. I cannot agree with you more on
this conclusion. Would you also be in favour
of the exchange of scientific data with foreign
countries, and even go further in certain
fields and favour the exchange of scientists?

For example, foreign scientists would come
over to this country for a certain term, while
some of our scientists would go to other coun-
tries in order to become more familiar with
the international aspects.

Mr. Mackenzie: This is one of the benefits
that comes from these international associa-
tions. Reverting to my own experience in
Chemcell, I remember that we had on our
staff a very able man, who incidentally had
worked in Ottawa in the research field for
some time, who went to the United States for
a period of three years and worked full time
in their research organization, where he dis-
tinguished himself. He came back here and
headed up our whole research business. He
was a very much better man for having had
three years’ experience in the United States
laboratories. This interchange is possible and
is one of the great advantages which comes
from these close relationships. I am not sug-
gesting these are the only things that make
this country tick, but I say that when the
opportunity is available to us we miss the
boat if we do not encourage them.

Senator Robichaud: Would such an ex-
change not also be financially desirable in,
for example, fisheries, in research on species
like herring? I know that in Canada we are
far behind, we are not as advanced as other
countries in this field. The U.S.S.R. are well
advanced in herring research and if we could
benefit by getting their data and knowledge it
would certainly be beneficial to our industry.

Mr. Mackenzie: There is no question about
that.

Senator Robichaud: I do not think our Gov-
ernment is in a financial position to obtain
the know-how to get as far advanced as the
U.S.S.R. is in this field; it would take years of
research to get to that point.

Mr. Mackenzie: I think my main point is
that, if one can get in Canada a climate that
is conducive to stimulation of research in all
of these areas or phases, individuals will then
come bubbling up with ideas and they will
pick up information from international
sources around the world and you have a
much more lively industrial activity.

The Chairman: Is there a similar scheme of
tax incentive in the United States for indus-
trial research?

Mr. Mackenzie: I do not think so but we
had it in the Income Tax Act for a long time
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and it seemed to me that this was a better
based scheme than the present one of grants
in aid.

Senator Lang: If we revert to the general
tax incentive that we had in the Income Tax
Act a few years ago and with the proviso that
any company claiming those deductions could
not patent the results of the research done,
what effect would that have on companies
taking advantage of that setup?

Mr. Mackenzie: I think it would kill them.

Senator Bourget: From the example you
have given us, when you took over the
research, the preliminary research made in
the United States, did you act to bring in
researchers from the United States to Canada
to help develop this project?

Mr. Mackenzie: No. It was done very large-
ly by people already on our staff. I do not
mean that there was not an exchange
between people, but the group we had in
Edmonton was recruited—I cannot think of
anybody who was not a Canadian.

Senator Bourget: Did you find it difficult to
get good trained men for research?

Mr. Mackenzie: It is difficult but it is possi-
ble. We were very fortunate because we got
off on a very good foot. When Dr. C. J. Mac-
kenzie retired as chairman of the National
Research Council, I persuaded him to join
Chemcell and his mere presence there attract-
ed a lot of good people to it. This is what
attracts good research people—to be working
with people who are knowledgeable in this
field. He had retired from the Research Coun-
cil activities but he then devoted a lot of time
to building up our little research organization
in Edmonton. It was small but very very
good.

Senator Bourget: Did you send them to the
United States or somewhere else to get better
trained?

Mr. Mackenzie: We did not send them to
universities. There was a continual inter-
change in the research establishments of the
same nature in the United States, people
going backwards and forwards all the time,
exchanging notes. But these were all qualified
people who had Ph.D.’s and so on: they were
not people going back to university.

Senator O’Leary (Carleton): Do American
companies as a rule supply scientific informa-

tion to subsidiaries in Canada? Is this the
rule or are there exceptions?

Mr. Mackenzie: I suppose there are excep-
tions but certainly in my experience a great
many companies have this access to the
research of their parent company.

Senator O’Leary (Carleton): If they became
competitors of the parent company in world
markets, would that rule still apply?

Mr. Mackenzie: What they do with the prod-
uct is probably a different field, but on the
question as to whether they have access to
the information, I would say most of them
have access to the information.

Senator Grosart: In the Edmonton case, you
told us that the parent company or the inter-
national company took over the American
market, for obvious and understandable rea-
sons. What is the position about the 30 or 40
other markets that you mentioned? Are they
not likely to say that the American branch or
the American plant will take over, if condi-
tions are favourable to those 30 or 40 mar-
kets, from the Edmonton plant? Is this so?

Mr. Mackenzie: I suppose these things
could happen. I do not think they are likely
to happen, because there is a very substantial
investment in this plant in Edmonton and it
is in everyone’s interest to keep it viable and
profitable. It would not make any sense if the
parent company took all this business away.
Chemeill has Canadian shareholders as well,
it is not 100 per cent American owned. We
lost the American business because the parent
decided to put in their own plant. If they had
not, someone else would have done so.

Senator Bourget: Are you producing the
same product at a cheaper price than is the
United States?

Mr. Mackenzie: I do not know if it is
cheaper but there is a tariff in the United
States, a tariff of 12 per cent I think. We still
have these worldwide sales to 35 or 40 coun-
tries and we have every reason to suppose
that they will continue, based on the
economics of the situation.

Senator Grosart: What troubled some of us
is that it seemed obvious that the decision
will be made in relation to the interests of the
international companies as such rather than
in the interests of Canada.

Mr. Mackenzie: This is an ever present
worry but it is something that comes with the
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existence of international companies. I think
it is one of the prices you pay for having the
international companies operating here. I do
not think it is too big a price to pay, I think
we fare well, very well, but one cannot deny
that this is a hazard.

Senator Grosart: As you say, we have to
accept the facts of life—and on balance you
would say that Canada has benefitted rather
than otherwise?

Mr. Mackenzie: I do not think there is any
question about that. I am hopeful we can
develop some international companies. Right
now we have some. We have Massey-Harris
as a case in point, where the control is in
Canada but the operation is spread around
the world. There is also MacMillan, Bloedel,
which is getting to be an international compa-
ny. There is hope we might build up more
ourselves. International companie are a fact
of life and there is nothing we can do to
change that.

Senator Grosart: It is suggested that one of
the things this committee should do is to
make a recommendation to the Government
as to the total amount of money that the
Government should be putting into R and D
perhaps in terms of percentage of GNP. Do
you think that makes sense, to- make a set
recommendation, or that the Government
should adopt a policy of a minimum amount
that it would put into R and D; and, if so,
how could this be controlled under your
proposal of tax allowance.

Mr. Mackenzie: I do not know how it could
be controlled, because basically what I am
suggesting as far as industrial R and D is
concerned, is to rely on the individual deci-
sions of individual companies. In that sense,
you have not got control. The absolute
amounts involved would probably be rela-
tively small in relation to the total amount of
the Government’s effort in R and D, because
this is only one aspect of it. I would think the
bigger it gets, the better. I would like it
because it is all coming out of profits. What I
am talking about is not a commitment, you do
not have to pay out money: it is a question of
percentage of taxable profits which you take
in the future.

Senator Aird: I wonder if you are familiar
with the excellent article by Joan Fraser,
which appeared in the Financial Times on
Monday last. It ends up by posing a question
or making a proposition, that the choice may

be that Canada should set up in effect a
Ministry of Science and Technology or that
under the Science Council it could go forward
to co-ordinating other industries. I wonder if
you would have an opinion between the two
choices?

Mr. Mackenzie: I do not know if my opin-
ion is worth very much.

Senator Aird: Speaking from your back-
ground, sir, and from a competitive point of
view, as one having been in business and who
has been faced with the problems on an
every-day basis, which do you think might be
more compatible or more desirable?

Mr. Mackenzie: I would much sooner see
this co-ordinated, that is, the government get-
ting advice through the science council rather
than through a minister of science and tech-
nology. Personally I think we have enough
ministers and departments.

The Chairman: That might be.

Senator Grosart: In the first paragraph on
page 7 of your submission, Mr. Mackenzie,
vou make a suggestion that a body of
independent government advisers be drawn
from those with established expertise in the
field, supported by a suitable secretariat. Is
this a suggestion for something in addition to
the science council and science secretariat?

Mr. Mackenzie: Oh, no, this is the science
council and science secretariat. The science
council is comprised of people from industry,
universities, and the public service who have
a knowledge of the subjects. They are not all
civil servants. The whole concept was based
on recommendations by C. J. Mackenzie
originally.

Senator Grosart: Do you prefer the Ameri-
can rather than the European system?

Mr. Mackenzie: I find it difficult to see
there is a job for a minister of science and
technology, because his duties would cut
across responsibilities of many cther
ministers.

Senator Grosart: Britain has one as well as,
most European countries.

Mr. Mackenzie: Yes, I know they have, but
I find it difficult to see how they do it. There
is inevitable conflict between the ministers
who have the responsibility for these operat-
ing divisions.
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Senator O’Leary (Carleton): Would it not be
a good idea to have a minister in the House if
only on Sundays to answer questions? By the
way, what has happened to our science coun-
¢il? I saw one report which consisted only of
their names and their pious hopes and aspira-
tions. Has there been a second report?

Mr. Mackenzie: I think I said the science
council has not had time to show what they
can do. I am in favour of there being such a
body.

Senator O’Leary (Carleton): So am I.

Senator Cameron: In your experience with
Chemcell and other related activities, have
you found any problem caused by the inter-
pretation or by the taxation division as to
how they would treat new products and new
processes. I have a specific case in mind. A
group of young Canadian engineers in the
computing field developed a means of carry-
ing out geophysical studies and this is revolu-
tionizing the geophysical exploration work
up north. The taxation division came along
and said to these men, “look, we are going to
tax the product of your data processing
machine”. This would mean applying about a
12} per cent tax on the product, that came
out of the machine, about the difference
between a profit and no profit. Recognizing
that American companies have their own
resources in various parts of the United
States, such as Houston, Dallas and one in
Oregon that could have put this young
Canadian company out of business, I asked
these people in the Sales Tax Division on
what basis they arrived at the right to tax. I
was told it was based on section 1 in the act of
1954 before any computing equipment was in
being.

I wonder if this same principle has extended
to other cases and other products. If so it
underlines the fact that there is a need to
up-date a lot of our legislation in government
departments in terms of new technology.

Mr. Mackenzie: I think there have been
many difficulties with these definitions. There
was considerable controversy over the ques-
tion of what was a new product and whether
it was new to the company or its manage-
ment; alternatively, was it something com-
pletely new in the sense that nobody had ever
seen it before? There are many arguments
similar to this. We went into this at some

length in the report of the Economic Council
on the definition and came up with recom-
mendations—I think it was the D.B.S. defini-
tion that was the most appropriate, with some
minor amendments. There have undoubtedly
been problems in interpretation.

Senator Grosari: I watch television and
read the ads, and I think everybody in bus-
iness claims everything is new.

Senator Cameron: This could have a very
serious effect on Canadian companies. It may
be that in Canada the consumer has a choice
to bring in products from the United States
until such time as we develop this new
industry ourselves; however, it could be com-
pletely inhibited by the interpretation of the
taxation division.

Mr. Mackenzie: The definition is very
important but I maintain it should be a
definition rather than a series of administra-
tive judgments.

Senator Cameron: We get a lot of adminis-
trative judgments in this country.

The Chairman: It seems to me that you
would still have administrative judgments in
the interpretation of the definition, even sup-
posing that the definition is perfect.

Mr. Mackenzie: That is right, but then you
have the system of contesting interpretations
in the courts.

Senator O’'Leary (Carleton): Do you wish a
guide for your conscience?

The Chairman: I suppose that you also
could have consultation before you start for
protection to see whether or not you are eleg-
ible in dubious cases.

Mr. Mackenzie: This happens now in res-
pect to income tax problems where people
can discuss their problems with income tax
officials. They cannot receive a definite ruling,
but they can get an idea as to whether they
are on the right track.

The Chairman: Are there any further ques-
tions? On behalf of the committee, sir, I want
to thank you very much for this most
interesting presentation and discussion.

Mr. Mackenzie: Thank you very much.
The committee adjourned.
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i ORDERS OF REFERENCE

| Extract from the Minutes of the Proceedings of the Senate, Tuesday
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider
and report on the science policy of the Federal Government with the
object of appraising its priorities, its budget and its efficiency in the
light of the experience of other industrialized countries and of the
requirements of the new scientific age and, without restricting the gen-
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the
Federal Government in the fields of physical, life and human
sciences;

(c) federal assistance to research and development activities carried
out by individuals, universities, industry and other groups in
the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements and
the structural organization of a dynamic and efficient science
policy for Canada.

That the Committee have power to engage the services of such
counsel, staff and technical advisers as may be necessary for the purpose
of the inquiry;

That the Committee have power to send for persons, papers and
records, to examine witnesses, to report from time to time, to print such
papers and evidence from day to day as may be ordered by the Com-
mittee, to sit during sittings and adjournments of the Senate, and to
adjourn from place to place;

That the papers and evidence received and taken on the subject
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird,
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear,
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, Sep-
tember 19th, 1968:

“With leave of the Senate,

Sk The Honourable Senator Lamontagne, P.C., moved, seconded by the
" Honourable Senator Benidickson, P.C.:

That the name of the Honourable Senator Robichaud be substituted
for that of the Honourable Senator Argue on the list of Senators serving
on the Special Committee on Science Policy.

The question being put on the motion, it was—

Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate.
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MINUTES OF PROCEEDINGS

WEDNESDAY, October 9th, 1968.

Pursuant to adjournment and notice the Special Committee on Science
Policy met this day at 3.30 p.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Belisle,
Bourget, Cameron, Desruisseaux, Grosart, Kinnear, Lang, O’Leary (Carleton),
Robichaud, Sullivan and Yuzyk—(13).

In attendance: Philip Pocock, Director of Research (Physical Scxence)
Gilles Paquet, Director of Research (Human Science).

The following witness was heard:

Dr. Jacques Spaey, Secretary General of the Conseil national de la poli-
tique scientifique of Belgium and Chairman of the Commission intermi-
nistérielle de la politique scientifique.

(A curriculum vitae of the witness follows these Minutes)
At 5.20 p.m. the Committee adjourned to the call of the Chairman.
ATTEST:

Patrick J. Savoie,
Clerk of the Committee.
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CURRICULUM VITAE

Spaey., Jacques. B. December 23, 1908 in Ghent. Nationality: Belgian.
Marital status: married, 6 children. Residing at: 16, avenue Alphonse XIII,
Uccle, Brussels 18, tel. 740217. DEGREE: Doctor of Medicine, University of
Ghent 1933. KNOWLEDGE OF LANGUAGES: spoken and written languages,
French, Flemish; spoken language, English; language understood, German.
POSITIONS HELD: Foreign assistant at the University of Paris 1933-34.
Assistant at the University of Ghent 1934. Chief of service at the Etterbeek
Hospital 1939. Executive Assistant to the Minister of Public Health 1947-48.
Président of the Office Médico-légal 1951-1955. Officer in the Office of the
Minister of National Defence responsible for personnel management 1958-
1959. Advisor to the Centre d’études sociales de Uarmée 1959-1961. Executive
Assistant to the Minister of the Interior and of the Public Service 1961.
PRESENT POSITIONS: Secretary General of the National Scientific Policy
Council. Chairman of the Interdepartmental Scientific Policy Committee.
MISSIONS AND TITLES: Belgian delegate to the World Health Organiza-
tion 1948. Mission to the Congo for the Minister of the Colonies 1949. Delegate
of the Conseil belge du Mouvement européen to the Economic and Social Con-
ference of Westminster 1953. Belgian delegate to the XVIIth Session of the
Economic and Social Council of the United Nations in New York 1959. Mem-
ber of the Conseil supérieur d’hygiéne. Member of the Conseil supérieur de
Vassistance et du service social. Member of the Conseil supérieur de la Famille.
PUBLICATIONS: Biological and medical sciences. Méthode colorimétrique de
mesure des polypoptides du sérum, excerpt from the minutes of the meetings
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY
EVIDENCE

Ottawa, Wednesday, October 9, 1968

The Special Committee of the Senate on
Science Policy met this day at 3.30 p.m.

[Translation]

The Chairman: Honourable Senators, this
afternoon we have the honour and very great
pleasure of meeting Dr. Jacques Spaey who
generously agreed to come to speak to us
today on science policy.

Dr. Spaey, a medical doctor by profession,
has devoted his life, particularly since 1947,
to the Public Service of his country. I do not
intend to describe to you all the details of his
life, as his biography will appear in the pro-
ceedings. However, I would like to mention
that he is presently the Secretary General of
the National Scientific Policy Council of Bel-
gium and also the Chairman of the Inter-
departmental Scientific Policy Committee.

[English]

Thus, Dr. Spaey is really at the centre of
the scientific effort of his country. I am sure
he will want to speak to us about that effort.
This, of course, will be most useful to us,
because we in Canada have similar problems
to face, not only in the field of science policy
but also in other fields.

I assume that Dr. Spaey will make part of
his presentation in French, but I understand
that he is at least trilingual, so that he will be
able to handle any question that you may
want to put to him.

Dr. Jacques Spaey, Secretary General,
National Scientific Policy Council; Chairman,
Interdepartmental Scientific Policy Commit-
tee, Brussels, Belgium: Mr. Chairman, my
English is too poor to explain such difficult
questions as those with regard to science poli-
cy and science generally.
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So I ask your permission to explain it in
French, and I will begin with some general
ideas about science policy; and after that I
should like to hear your questions on these
problems and give you answers.

[Translation]

Mr. Chairman, scientific policy is a rather
recent notion and probably an equivocal one
at that because it is so recent. We may won-
der, when we speak of scientific policy or
“science policy,” whether we mean a policy
for science or indeed a policy for organizing
science so as to attain a certain number of
economic and social objectives.

However, although this question has not
been resolved in theory, we may state that in
fact—and this was clearly shown in the
recent O.E.C.D. report in Paris—science has
assumed an increasingly important place in
the development of societies generally and of
highly advanced societies in particular.

This results from the fact that following the
American lead, our industrialized societies
entered into a phase of development through
innovation: innovation in industrial produc-
tion; innovation in the management of public
and private organization, and the use of revo-
lutionary new methods in all fields of human
activity.

Innovation stems from science, particularly
scientific research, which itself is at the ori-
gin of new methods and new concepts which
are taught today and will be taught tomor-
row in the universities.

A major difficulty arises from this develop-
ment. Men of science, while perfectly aware
of the importance of their own activities, are
not always conscious of the actual importance
these activities assume in society and above
all, of the significance of science in the pres-
ent world.



This is a prevailing phenomenon, and I feel
it would be wuseless to argue the point.
Progress in development, particularly its in-
fluence in American society, can be explained
by no other fact than the opportunity this
society has of putting to use scientific innova-
tion. It is not that Americans are much more
intelligent than other people, but that they
have the means and are in a position to make
greater, quicker and better use of all ele-
ments of the second industrial revolution.
The first consisted of developing natural
resources; the second consists, above all, of
developing our grey matter. This is the phe-
nomenon with which we are concerned.

The second reason why a scientific policy
has appeared in industrialized countries is
that public funds devoted to higher education
and research have rapidly increased during
the past ten years. In my country, the public
budget for higher education and research has
increased five-fold since 1960. This remarka-
bly rapid increase in scientific budgets has
worried finance ministers; and everyone is
aware that when the Minister of Finance or
the Minister of the Budget is worried, the
government is worried.

A government’s first thought in the face of
such developments is to consider whether the
rate of expenditures cannot be reduced.
However, if government officials in this par-
ticular field emphasize that it is no doubt
possible to put these growing expenditures to
better use, then we are dealing with a con-
cept more accessible to politicians and govern-
ments, namely: if a certain development
cannot be prevented, it must be at least
guided in the right direction. This is the con-
crete and more immediately political aspect
of scientific policy which must be empha-
sized. It is for all these reasons that political
science institutes have appeared in the ma-
jority of the industrialized countries over the
past ten years, institutes whose purpose is to
organize the development of science in order
to attain a certain of national objectives
which the Americans call “national goals”.
This poses difficult questions for all govern-
ments.

The first difficulty resides in the psychology
of the scientific community which traditional-
ly considers that science cannot be dominated
or influenced by probable results. We all
know that it is a sort of rule in the scientific
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world to consider that the great merit of
science is that it is “free”. However, we can-
not help but note that progress in the sciences
over the past twenty years has been largely
influenced by a parallel progress in technolo-
gy and that, in reality, we are in a world in
which every human endeavour influences and
enriches another.

It has often been proven that from the
needs of technology, the most important fun-
damental discoveries have been made. The
reverse is equally true. In any case, whether
we want it or not, science is to some extent
caught up in history. It is caught up in a
human adventure, and it must be impressed
again and again upon men of science that
their requirements for development are so
great and so costly that they can only be
obtained to the extent that there is a rapid
increase in the national product, and that the
national product can increase rapidly only to
the extent that science assists in its growth.
Consequently, it is through a mutual enrich-
ment of science on the one hand and organi-
zation on the other that both may succeed.

However, on the side of the government or
parliament, this mutual co-operation poses
difficulties because the administrative struc-
ture of our states is not often adapted to
coping with this particular problem. In the
field of scientific policy, it is not merely a
question of efficiently handling the files but of
drawing up logical forecasts and attempting
to determine goals for our modern societies to
be attained within ten or fifteen years, and to
assess to what extent these objectives may be
reached through scientific activity and tech-
nological development. It is a particularly
difficult type of problem which calls for
methods far beyond the present methods used
by our administrations; it calls for the estab-
lishment of special organizations to handle
these problems.

But should these organizations be entrusted
to men of science or to managers? My reply
would be that we must avoid cut-and-dried
solutions. Probably managers alone could not
effectively handle difficult questions, and men
of science alone would be equally inept at
arriving at completely satisfactory solutions,
just as military problems are not always per-
fectly solved by military men themselves but
within a wider political framework.
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How can we reconcile these two difficulties;
how can we solve this problem? I feel I
should point out that there are several possi-
ble methods, but none of them is perfect, and
each country must find it own. Having
enjoyed your hospitality which has been both
very cordial and most frank—and it is
extremely rare to meet both men of politics
and civil servants with whom one feels one
can talk directly and frankly—having seen
and heard what I have in Canada, I would
say that you have made very great efforts in
the field of science and that you are well on
the way to settling this problem, or at least to
dealing with it in an efficient manner.

Allow me to say once again that we cannot
look for cut-and-dried solutions in the area of
policy and organization. We must be content
with organizational planning for the next ten
years, and even that is ambitous. We will
then have to make adaptations, since the
world is advancing so fast that we cannot
establish a definitive organization such as the
nineteenth century believed possible.

Mr. Chairman, after these few words of
introduction, perhaps we could, with your
permission and in answer to questions by
honourable senators, go into more concrete
details.

The Chairman: Before beginning the dis-
cussion period, Dr. Spaey, might I ask you to
give us a brief description of the organization
and structure of science policy in Belgium at
the present time?

Dr. Spaey: To give a schematic view, we
may say that Belgium has gone through three
stages.

The first period existed before 1960, when,
like most other countries, we had bodies
which financed research in universities, in
industry and in research centres. There was
no actual science policy, in that the govern-
ment had no means and no organization to
take decisions or to make choices. In 1958, I
believe, a Royal Commission was set up to
study this problem. I do not know the reasons
which lay behind the decision to set up this
commission, but I expect it was prompted by
both necessity and current trends.

As I have already said, all governments are
sensitive to increases in expenditures; they
feel troubled by such a phenomenon and they
follow the example of neighbouring countries.

If I remember correctly, the Royal Com-

mission made about twenty recommendations
to the government. This commission was

made up of representatives from universities,
from industry, and from social and economic
sectors. Among its recommendations, it sug-
gested the establishment of a national council
of higher education for research. In actual
fact—and this is a Belgian characteristic—
science policy encompasses higher education
as well as research, and basic research as
well as applied research. In accordance with
this recommendation, the government formed
the Comnseil national de la politique scien-
tifique—the National Scientific Policy Coun-
cil.

The main purpose of the minister who
made this suggestion to the government was
to form a council, on the one hand, and a
service to administer science policy, on the
other. This service would be required to set
up a secretariat for the council. I believe that
this is more or less the situation you have
here, if I have been correctly informed.

Due to political circumstances, a com-
promise had to be made and this resulted in a
council and a secretariat, whose secretary
general was appointed by the cabinet. This
body began its work under very difficult con-
ditions, since the government in power at the
time felt that it had completed its duty once
it had formed the National Scientific Policy
Council.

This Council was made up of scientists and
also of representatives from social and eco-
nomic sectors. Unions were represented, as
were high finance, the national economy,
industry, etc. In the beginning, the Council
made fairly general recommendations to the
government: science should be promoted; the
means available to science should be
increased, and research workers should be
given a certain status—in short, everything
which could be said easily, without consulta-
tion. However, since they were important
men, it was helpful that they spoke together.
The government, occupied like all govern-
ments by many other considerations, took
the reports, thanked the chairman of the
Council for them, and made no use of them.

The Minister of Finance, or the minister
responsible for the budget, held out as long
as possible against increasing credits. This
increase finally came about owing to the force
of circumstances, but without much selectivi-
ty or direction. At that point, the Council’s
secretariat suggested that certain steps be
taken, and these have proven to be very
important. The first step was an inventory of
the nation’s scientific potential. How many
research units were there? How many
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research workers were there? Toward what
purpose was their research directed? What
discoveries had they made?

The composition of the budget for science
was a second factor which was still unknown.
What was the exact amount of money ear-
marked for higher education and for
research? No one knew, because in Belgium—
as in other countries, I suppose—estimates
for scientific activities are swamped in the
very general wording of departmental budg-
ets. As a result, no one except the initiated
civil servant can tell whether it is really for
scientific activities and what aim is being
pursued.

This work encountered a great deal of
resistance, particularly from the universities,
but also from administrative bodies. On the
other hand, the industrial sector supported
this initiative, which in any case made it
possible to establish definitive relations. Only
at this time did the government take the trou-
ble to listen to the Council’s advice. The
Council told the government that it wanted
such and such a percentage increase; it gave
a clear indication of the actual situation and
showed the uses to which the increase could
be put. From then on, the government and its
ministers began to read reports carefully.

The structure in science policy has been
altered in the past few months because of a
change in government. The council’s
secretariat is now one of the “Services” under
the Prime Minister. It is in change of pro-
gramming science policy and also of taking
responsibility for technical assistance and the
Council’s secretariat. These measures were
designed to avoid duplication of programs by
the Council and the government, programs
which might have been excellent on either
side but which would have had the unfortu-
nate effect of confronting the government
with choices which were as difficult as they
were arbitrary.

I feel that this has been an accurate sum-
mary of the development of science policy in
Belgium, Mr. Chairman. It should perhaps be
noted that the Services de la politique scien-
tifique (science policy services) are in no way
responsible for the control of funds. This is
entirely the responsibility of the minister in
each sector. Thus there is no Minister of
Science, but a Minister of Science Policy,
who prepares the government’s overall deci-
sions on choices, programs and allotment of
funds, but who does not distribute money and
does not manage any funds or programs.

I do not know if I have answered your
question, Mr. Chairman.

Special Committee

The Chairman: Thank you very much. I
think that it is now time for a short recess,
and we will resume in about ten minutes. We
will then have a question period.

UPON RESUMING

The Chairman: Order, honourable senators.
Senator Desruisseaux?

Senator Desruisseaux: Before saying any-
thing else, Dr. Spaey, I would like to thank
you on behalf of my colleagues for taking this
trip and being so kind as to answer our ques-
tions, which we feel are very important for
Canada because of the forward-looking policy
which we wish to see in the field of science.
We were greatly impressed by your state-
ment, although we found it a little mystify-
ing. You must not be surprised, therefore, if
we ask you many questions this afternoon.

First of all, your system of, I believe, a
secretariat for the sciences under the Prime
Minister, appears to have certain similarities
with our own. We also have a Science Coun-
cil, which has been formed, and a Secretariat.
However, certain aspects of priority here are
entirely different from what you described in
Belgium. To take a concrete example, what
methods or steps were used to help industries
evaluate their needs, and to put into opera-
tion not an annual program but one which
would offer them continuity? This is the first
question I wanted to ask you.

Dr. Spaey: There are two channels through
which assistance to industrial research is
assured. This assistance may be complement-
ed by assistance to industrial investments,
but I am speaking only of aid to research.
One of these is a body known as the Institut
d’encouragement d la recherche (Institute for
the promotion of research) and it is for
industry and agriculture. This is a public law
body and has two budgets, one for industry,
one for agriculture. This Institute supports
joint research projects by means of loans
without security, which represents fifty per
cent of research costs. By joint research
projects, I mean projects conducted by sever-
al businesses which have joined together to
form professional associations; for example,
the Centre du textile (textile centre) or the
Centre de la mécanique (mechanics centre),
and so on. It is thus a question of subsidies to
research on a Co-operative basis. In principle,
these projects are designed to improve pro-
ductivity; in other words, to improve prod-
ucts and current processes. In the latter case,
one is required to publish the results. This
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type of financial aid is available to all compa-
nies or groups of companies.

The other form of financial support of
industrial research amounts to about 500 mil-
lion Belgian francs per year, or 10 million
dollars, which is used to sponsor so-called
competitive research through an agency
known as the Administration des prototypes
(Standards Control). This group finances
projects which are proposed by a single com-
pany, and which are of a competitive nature.
The results of their research are therefore not
available to rival companies. In this case the
financial aid is not in the form of a subsidy,
but a loan which may cover up to 80% of the
cost of research. The loan never covers 100%
of the cost, because we have found that if we
sustain 100% of the cost of so-called com-
petitive industrial research, we run the risk
of paying out money to people who are re-
ferred to in the language of the initiated, as
“shacks”. If the company is not in a position
to assume 20% of the risk, we do not see
why the government should assume 100%.
This loan must be paid back if the project
is successful, and may be subject to
royalties; but the royalties may not amount to
more than twice the value of the loans
advanced by the government.

Here the order of priority is more strin-
gent. Top priority is given to projects involv-
ing advanced technology, proposed by compa-
nies which will be able to see the project
through to the marketing stage.

Second priority is reserved for projects
involving less advanced technology, but
proposed by progressive companies.

Third priority is granted to projects involv-
ing advanced technology, proposed by com-
panies which have the potential to contribute
significantly to our economy.

We draw the line here, because we feel
that our aim is to promote the kind of
research that can directly contribute to the
growth of the national economy, and we do
not want to confuse government support of
research with welfare. In other words, we try
to support projects that are a good risk.

Have I answered your question?

Senator Desruisseaux: Yes. I have some
other questions, this time relevant to our own
concerns. Does the amount of $10 million,
which you said is set aside for research, meet
the demand? Is that amount spent each year?
Is it adjusted according to need and demand?
On what basis do you arrive at these budget
estimates?
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Dr. Spaey: The 500 million francs I men-
tioned earlier are used for joint research.
Competitive research also receives 500 mil-
lion, and priorities are established on the
basis of the projects proposed by the com-
panies.

Senator Desruisseaux: But are you able to
fill all requests?

Dr. Spaey: Yes, we have managed to so far,
because this undertaking is still new and the
companies have not yet acquired the habit of
requesting extravagant amounts. They will in
time, but we shall proceed with caution, for
experience has shown that if we increase our
grants too rapidly, we inevitably end up by
over-spending. Civil servants think they are
being inefficient if they do not use up the
entire amount of their grant—at least this is
the case in Belgium.

The Chairman: In Canada as well.

Senator Desruisseaux: In some respects all
countries are alike.

Regarding the 80% which the government
contributes to a project, and the 20% con-
tributed by the company which proposed it,
is that 20% a tax-deductible expense, in view
of the income it will create, or is it consid-
ered as a capital investment?

Dr. Spaey: No. We cover only the costs of
research, including equipment. This means
that the government will never pay over
80% of the cost of research.

Senator Desruisseaux: But is the company’s
20% considered an expense?

Dr. Spaey: Yes, it is an expense. It is a risk
which the company assumes.

Senator Desruisseaux: What percentage of
the gross national product does the sum of
$20 million represent? Is it a large proportion
of the gross national product?

The Chairman: Perhaps
would be more accurate?

“total budget”

Dr. Spaey: Here I should point out that in
Belgium, in 1969, we will spend 2 billion
francs on industrial and farm research, of
which 1 billion 500 million will go to industri-
al research. Besides this, which is the amount
the government contributes, about 8 billion
francs are spent on research by private
industry as well. This brings the total to
about 10 billion francs. Since the national
product is presently about one thousand bil-
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lion francs, that makes a bit less than 1%,
just for industry, while the basic research is
completely paid for by the government.

Senator Bourget: Is the basic research done
in the universities, and, if so, does the gov-
ernment pay for all such research?

- Dr. Spaey: Actually most of the basic
research is done in the universities. There are
few other research centres, except for a small
number of government centres, but these
government centres are really public services
which include among their activities the sup-
port of basic research. For example, the In-
stitut de météorologie (Meteorological Insti-
tute) or the Institut d’aéronomie spatiale
(Space Aeronautics Institute) are federal
science agencies. They could be -called
branches of the federal administration which
perform public services. The observatory gives
the time; meteorology predicts the weather,
the royal library diffuses scientific informa-
tion, etc.; they are public services which also
do research. But apart from these, almost all
basic research is carried out in the universi-
ties, and to a lesser extent by industry.

The answer to your second question is that
the budget of the universities, which is
entirely the responsibility of the government,
is in fact, though not rightfully, proportioned
as follows: about 25% for pure research
activities and about 10% for so-called related
scientific activities. This makes 35% which
the universities automatically set aside for
research, compared to 65% for educational
expenses. These figures have been verified
several times in an inventory which we take
every two years. They are therefore based on
a statistical observation, and not on an
estimate.

In addition, the government put 10% of the
university budget into a national scientific
research fund, which sponsors basic research
projects in the universities.

Senator Bourget: Do you send a number of
your students, who want to go into research,
to study in universities in France, Germany,
England, or the United States?

Dr. Spaey: Yes.

Senator Bourgei: Do many of these young
students who are interested in devoting them-
selves to research take advantage of the
opportunities offered by the university in this
area?

Dr. Spaey: Yes, but the universities do not
offer these scholarships; they are either
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foreign or national scholarships, which allow
these students to pursue their stuaies in Bel-
gian or foreign universities. But for various
reasons, there is as yet no general trend of
emigration.

Senator Bourget: You are lucky; I hope it
stays that way.

Senator Desruisseaux: Dr. Spaey, regarding
the recommendations you make on the grants
to be offered, are they always followed by the
ministries? Do you have many administrative
difficulties?

Dr. Spaey: I can say that up to the present,
the recommendations have usually been fol-
lowed. The government has only rarely disre-
garded the recommendations made with
regard to budget allowances, provided these
recommendations were well justified. But I
should add for honesty’s sake that this is not
due simply to the fact that the government
wanted to follow the Council’s advice; it is
also due to the fact that its members, particu-
larly the Chairman and “secretary” general,
have the opportunity to explain matters to
the government privatim.

The basic purpose behind any activity of a
college is to represent a general opinion, a
consensus, the vox populi. But we must not
conclude from this that a college may make
the final decision, since a college must neces-
sarily compromise.

In a college which has its own staff, this
staff tries to determine in advance what com-
promise the college will have to make. In
order to make the right decision, senator,
there must be an element of dialectic. If there
is only the administration and no parliament,
there can be no dialogue, and therefore no
exchange of questions and answers. If there is
only parliament, we are under the rule of the
assembly, of which each member finds him-
self caught up in the most complicated
situations.

Senator Desruisseaux: If I may change the
subject, is part of the budget reserved for
nuclear research, national defence and other
government projects?

Dr. Spaey: Circumstances have led us to
maintain a classification system which has all
the advantages and disadvantages of any clas-
sification system.

We divide our budget into five categories:
the first is the university budget; the second
is the budget for what we call parallel financ-
ing, that is, additional financing of basic
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research. The third category is the budget for
industrial and farm research. The fourth is
the budget for public service and govern-
ment-directed research. The fifth is for inter-
national co-operation.

Within this budget we also have what we
call subject categories—such as that of
nuclear or space research, and other and
often important issues—but we divide the
budget into subject categories only when the
government has to resolve a specific problem.
If, for example, the government must decide
whether to participate in the construction of a
standard reactor in co-operation with other
countries, it requests the administration to
estimate future expenses and asks whether
this budget is compatible with available
resources, taking into account the necessary
expenses in other areas.

Senator Desruisseaux: Generally speaking,
have you achieved the results you had
expected from this agency when it was set up
in 1960?

Dr. Spaey: The answer is yes, but with two
qualifications: the first is that it is a very
complicated undertaking, because the scien-
tiic world is a complicated world, and
administration also poses problems. Conse-
quently, it has taken a good deal of effort and
great patience, which at times have not been
easy to maintain.

Secondly, I think that, because of circum-
tances and difficulties which you most likely
will not encounter, because you are probably
better disciplined than we are, we have had
to spend a great deal of time organizing. This
has kept us from carrying out work which I
hope we shall now be able to begin. Indeed, it
is not enough to organize past and present
efforts; we must prepare for the future by
devising concrete programs.

Senator Desruisseaux: Is the system you
adopted comparable to those used by neigh-
bouring countries on the European continent?
Are you satisfied with its progress and results
to the point where you feel you can compare
favourably with the countries around you?

Dr. Spaey: Once again, honourable sena-
tors, I must qualify my answer. With respect
to organization, that is, co-ordination, my an-
swer is clearly in the affirmative, because the
fact that we have a centralized system means
that in international conferences Belgium is
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always represented by the same individuals,
who always support the same points of view.
In this respect our system is obviously an
efficient one. But I could not be as confident
about the development of resources.

My country is obviously not in a position to
spend immoderately; it has many problems to
solve and, since it is a small country and in
the scientific field we must keep abreast of all
developments, the overall costs of science in
Belgium are relatively high compared to Ger-
many or France. Thus from that point of
view I must say that I am not as satisfied
with the results. But if tomorrow I were told
that the science budget was suddenly going to
be increased by five hundred million, I think
I would advise my government against this
move, because it is extremely risky to
increase any grants too rapidly. If a married
couple are given a twenty-five percent
increase in income over a year, they buy a
better car and a colour television, and they
vacation in Switzerland—it’s a well-known
fact.

Senator Desruisseaux: It is human nature.
Dr. Spaey: Yes, it is human nature.

Senator Bourget: Who make up the staff of
your national research council? Do these peo-
ple work full time, and on what basis are
they hired? How is the council actually
organized? How does it work?

Dr. Spaey: The Council itself is composed
of two parts: one part comprises the
representatives of universities and research;
that is, the “scientific” world; the other half
is made up of people from economic and
social spheres.

Senator Bourget: Who appoints them?
Dr. Spaey: The King.

The Chairman: Is there a federal employee
among its members?

Dr. Spaey: There is no member from the
Civil Service.

The Chairman: When you say “the King,”
do you mean the government?

Dr. Spaey: Yes, of course, the government;
that is, the minister responsible—the Prime
Minister.

The Chairman: You have just pointed out
one difference between our systems; you have
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no members representing the Civil Service in
your council, while we do.

Dr. Spaey: Exception is made for the
Secretary-General of National Education and
for the Secretary-General of Economic Affairs
who are the two high officials who can par-
ticipate in the Council’s .work. However, the
understanding is that the Council may hear
those persons it considers useful for its
purposes.

Senator Bourget: Are there many members
on this Council?

Dr. Spaey: Thirty-four.

Senator Bqurget: If half are university
professors, who makes up the other half?

Dr. Spaey: Financial and social concerns,
including unions.

Senator Bourget: What is the remaining
full-time staff?

Dr. Spaey: The technical administration
side, the working staff, including chauffeurs
and typists, numbers about sixty. We have an
annual financial budget of approximately
twenty million francs which is equal to
$400,000.

Senator Bourget: There are undoubtedly
international companies with subsidiaries in
Belgium. Are these companies eligible for
financial aid from the government and if so
what conditions are attached to such
assistance?

Dr. Spaey: Your first statement is correct.
There are several such firms. Their presence
in Belgium answers our need for industrial
modernization. As for the question of whether
they can receive government assistance, the
answer is yes, because a firm which settles in
Belgium is necessarily under Belgian law.

Senator Bourget: Will you explain this Bel-
gian law? For example are the majority of
undertakings controlled by the subsidiaries?

Dr. Spaey: No, but there is a compulsory
Belgian participation. Secondly, they must
take on Belgian status and must respect the
laws and legislation governing the establish-
ment of an industrial enterprise. However
because of this they can benefit from govern-
ment assistance in the same way as other
firms.

Senator Bourget: Are there special regula-
tions they must follow?

Dr. Spaey: The same regulations as Belgian
firms.

Senator Bourget: The reason I ask this
question is to learn whether the Belgian gov-
ernment wants to keep for the Belgians the
results of research undertaken with Belgian
government assistance.

Dr. Spaey: Well I think that I can say that
the Belgian government treats foreign firms
in neither a better nor a worse fashion than it
does Belgian firms. However, your question
does underline a real problem, because we
learned that one of the side-effects of the
system, which is presently being changed,
was that the subsidiaries were only a part of
the parent company’s production, and conse-
quently often undertook no research work,
and this is a serious situation in moderniza-
tion. However, at the time we had no other
choice. It must be added that the Govern-
ment, as the only competent administrator in
matters of this type, was in the dark on the
problem. We are increasingly setting as a
condition that the firm which is establishing
itself must also set up its research services,
even if at first these research services are
staffed only by foreigners. In any case, this
situation changes over the years because in
the long run it is cheaper to employ Belgian
scientific personnel, who are on the whole of
good standing, than to bring in American
research personnel. It would cost more to
bring them across the Atlantic to live in Bel-
gium with their families on American
standards.

Senator Bourget: Thank you very much.

[English]
The Chairman: Senator Grosart

Senator Grosart: My question, Dr. Spaey, if
I may put it in English, concerns your Minis-
ter of Science Policy. I believe that is the
title you give him. I understood you to say
he has no budget of his own. Is that correct?

Dr. Spaey: Yes.

Senator Grosart: Who then decides the allo-
cation of the 10 million francs that go to
industry for research development? Or put it
this way: what is his function in the decision?

Dr. Spaey: It is the Cabinet, or as you
would call it here the Privy Council, that
makes decisions about the total budget and
allocation of resources for each part of the
budget and, as sometimes occurs, for special
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actions. The minister does not himself use the
funds. Each minister receives his share in the
framework of the decision of the Government
as a whole, and the Prime Minister, or the
Minister délégué, is the chairman of the com-
mittee. It is he who proposes the figures of
the budget before the year in which they will
be expended. For example, we are now
deciding in 1968 what budget we will have in
1969. Then after that each minister may use
these funds in his own budget, but in each
budget of the various departments there is a
special section for scientific activities, and it
is the totality of all these sections together
that forms the budget for science.

Senator Grosart: What then is the function
of the Science Minister?

Dr. Spaey: Well, there is really no Science
Minister.

Senator Grosart: Well, the Science Policy
Minister.

[Translation]

Dr. Spaey: I do not see that there is any
problem here but perhaps you could be more
specific with your question. There is no single
minister of science but rather there are sever-
al. All ministers have their own scientific
designation. Why? Because we feel that
science is the razor’s edge, and if we deprive
each minister of his scientific endeavours we
would be taking from him an important fac-
tor for development and motivation. Howev-
er, as all these activities are working towards
the economic progress of the nation, all
encompassing choices must be made from the
whole system. For this reason we have a
prime inister who is responsible for them, or
else a minister representing scientific policy.
Strange as it may seem, this man is very
busy. This is very much to his own surprise
as he did not expect to have all sorts of
complicated problems to solve, problems
which no other minister is capable of resolv-
ing because he does not have all the available
information.

[English]

Senator Grosari: How would his function
differ from that of the British Minister of
Technology?

Dr. Spaey: It differs in that the British
Minister of Technology is responsable only
for part of the science policy, namely, that of
the industrial technology, and he has a budg-
et for that. On the other hand, the Minister of
science Policy in Belgium is responsible for
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all problems related to science and higher
education, but only in respect of the great
orientations and decisions.

Senator Grosari: I understood you to say
that the total budget in the Industrial sector
was about 1 per cent of G.N.P.

Dr. Spaey: Yes, from the public and private
budget. The two together amount to 1 per
cent of the G.N.P.

Senator Grosart: Does that include the five
categories?

Dr. Spaey: No, it includes only research
devoted to industry and agriculture.

Senator Grosari: What then would be the
total percentage of G.N.P. of all Government
departments?

Dr. Spaey: I think it would be more or less
one three or one four, the same as you have
now.

Senator Grosart: What major European
nations have a science minister or a science
ministry?

Dr. Spaey: France, Germany and Belgium.
Senator Grosart: Does Italy?

Dr. Spaey: Italy? It is approximative.
Senator Grosart: Spain?

Dr. Spaey: Spain, no.

The Chairman: Does Sweden have a science
ministry?

Dr. Spaey: In Sweden I think it is the
Prime Minister who acts in that capacity.

Senator Grosart: That is all, thank you.

[Translation]

Senator Desruisseaux: In your relations
with industries, Doctor Spaey, can you com-
plain for instance about political pressures
which could hinder a program?

Dr. Spaey: Are you referring to political
pressures?

Senator Desruisseaux: To receive subsidies
or to obtain the assistance needed for
research in some fields?

Dr. Spaey: The answer is yes, senator.
However, I believe that in a democracy these
pressures show up in all fields and are at the
same time a good and an evil. Nevertheless,
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we resist unfair pressures as much as
possible.

Senator Desruisseaux: One more question,
please.

The Chairman: It will have to be the final
one as Dr. Spaey is already late.

Senator Desruisseaux: I only had two and I
think he can answer briefly. I will ask them
briefly. Does the recent situation in the Com-
mon Market affect your particular field of
endeavour?

Dr. Spaey: Yes, and in this respect the
problem of the Common Market is rather
complicated. You know that the Common
Market was created about ten years ago by
the Treaty of Rome, if my memory serves me
well, with a double objective in mind: first to
create an open market and then to bring
about a political union.

Senator Desruisseaux: Yes.

Dr. Spaey: The second objective was
thwarted by various political circumstances
and the first objective, an open market, is
now coming into being. However, at that time
we did not realize that an open market alone
is not enough to automatically ensure eco-
nomic progress.

The American market is characterized not
only by its size but also by the whole organi-
zation or industrial structure. The whole pub-
lic organization is set up for this wide market
and within its scope. In comparison we can
say that the European market is without a
doubt equivalent in size to that of the United
States. It is one in which industries are set up
on a national basis, and the objectives, both
national and public, which are extremely
vital to American industry, are also at a
national level. This is a serious handicap.
European countries, Belgium in particular,
have already put forth considerable efforts to
arrange for an economic policy in conjunction
with the Common Market. Within this eco-
nomic policy foresee an important place for
research and development in what we know
as large-scale technology. We realize that in
fields such as space, nuclear research and
computer technology, essentially, and in the
transportation field, the economic effects can
be especially important. In fact, they are sec-
tors which touch on all branches of advanced
technology and which require the breadth of
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an industry or at least of a large business or
syndicate. Finally in these sectors there is of
course a need for the support of public in-
terests and consequently for the certainty of
agreements between the European nations.

We believe that from the trends of modern
and future society’s demands, it is a
mechanism which will stimulate economic
and political integration which up until now
political law and hopes have failed to do.
However you know as well as I do that there
are obstacles and we must wait patiently and
steadfastly for them to change.

Senator Desruisseaux: Thank you.

The Chairman: Dr. Spaey I realize that you
are already late but I should like to ask a
final question. Could you describe as briefly
as possible the efforts you are making in the
field of human sciences, the social sciences?

Dr. Spaey: Mr. Chairman, we are con-
cerned with the development of the social
sciences as is the case in many countries. We
believe that in future societies the social
sciences in conjunction with the human
sciences in general will play a role as impor-
tant as the pure sciences. The use of scientific
methods and their adaption to the needs of
mankind are going to create extremely com-
plicated problems. However, we see that in
Europe, and in Belgium as well, the social
and human sciences have not evolved as
quickly as in the United States. This imbal-
ance occurs because for too long we concen-
trated on economic and social doctrines based
on mathematical models and paid less atten-
tion to the study of economic and social reali-
ties. It is something which definitely must be
developed in coming years. There is a trend
in this respect but as we are caught up in a
swift current of all types of problems it is
very difficult to have politicians consider this
problem. At the same time they must be
made to understand the need for the develop-
ment of the natural and technological sciences
and they must as well comprehend the need
for developing methods of using them within
a more human perspective. It happens that
there are too few politicians with adequate
scientific and mathematical backgrounds so as
to understand the question at hand. Perhaps
it is here, as well as in the universities and
high schools, that everyone including jurists,
should be taught the basic elements of biolo-
gy and a little more applied mathematics.
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The Chairman: Doctor, I realize that you
are already 15 to 20 minutes late for your
next appointment and that you have a plane
to catch this evening. However, I should not
want you to leave without expressing the
committee’s sincere gratitude for having so
graciously accepted our invitation and for
having let us share your vast experience in a
field which interests us all. Thank you again.
I hope you have a safe flight home.

Dr. Spaey: Thank you. I would like to say
that I rarely have occasion to answer as per-
tinent questions from an assembly such as
this.

[English]

Senator Grosart: Mr. Chairman, before you
conclude the meeting I should like to pay a
special tribute to the translator for simul-
taneousness and clarity. I have not heard
anything to compare with it in Europe or in
the United Nations. I feel that if I had a few
more sessions of Dr. Spaey’s eloquent French
going in my right ear and this clarity of
English into my left ear, I might in time
become even as bilingual as you are.

The Committee adjourned.
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ORDER OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider
and report on the -science policy of the Federal Government with the
object of appraising its priorities, its budget and its efficiency in the
light of the experience of other industrialized countries and of the
requirements of the new scientific age and, without restricting the gen-
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the
Federal Government in the fields of physical, life and human
sciences;

(c) federal assistance to research and development activities
carried out by individuals, universities, industry and other groups
in the three scientific fields mentionned above; and

(d) the broad principles, the long-term financial requirements
and the structural organization of a dynamic and efficient science
policy for Canada.

That the Committee have power to engage the services of such
counsel, staff and technical advisers as may be necessary for the purpose
of the inquiry;

That the Committee have power to send for persons, paper and
records, to examine witnesses, to report from time to time, to print such
papers and evidence from day to day as may be ordered by the Com-
mittee, to sit during sittings and adjournments of the Senate, and to
adjourn from place to place;

That the papers and evidence received and taken on the subject
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird,
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear,
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday,
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the
Honourable Senator Benidickson, P.C.:

That the name of the Honourable Senator Robichaud be substituted
for that of the Honourabe Senator Argue on the list of Senators serving
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate.



MINUTES OF PROCEEDINGS
WEDNESDAY, October 23, 1968

Pursuant to adjournment and notice the Special Committee on Science
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget,
Cameron, Desruisseaux, Grosart, Hays, Kinnear, Lang, Leonard, MacKenzie,
Robichaud, Sullivan and Yuzyk—14.

Present but not of the Committee: The Honourable Senators Carter, Con-
nolly (Ottawa-West) and McGrand—S3.
In attendance:
Philip Pocock, Director of Research (Physical Science)
Gilles Paquet, Director of Research (Human Science)
The following witnesses were heard:

NATIONAL RESEARCH COUNCIL
Dr. William George Schneider, President;
Dr. Kenneth Franklin Tupper, Vice-President (Scientific);
Professor Louis-Philippe Bonneau, Member,
Vice-Rector of Laval University;
Dr. William H. Gauvin, Member,
Manager, Noranda Research Centre at Pointe Claire, Québec;
Dr. A. Brewer Hunt, Member.
(A curriculum vitae of each witness follows these Minutes)
At 12.45 p.m. the Committee adjourned until 3.30 p.m. this day.

AFTERNOON SITTING

The Committee resumed at 3.30 p.m., the Chairman, Senator Lamontagne,
presiding.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget,
Cameron, Grosart, Hays, Kinnear, Lang, MacKenzie, Robichaud, Sullivan and
Yuzyk—12.

Present but not of the Committee: The Honourable Senator Giguére—1.
In attendance: Philip Pocock, Director of Research (Physical Science).
The witnesses were further questioned.

The following are printed as appendices:
1. Guidelines for submission to the Special Committee on Science
Policy.
2. Brief submitted by the National Research Council.
At 5.45 p.m. the Committee adjourned to the call of the Chairman.

ATTEST:
Patrick J. Savoie,
Clerk of the Committee.



CURRICULUM VITAE OF THE WITNESSES

Schneider, William George, B.Sc.. M. Sc.. Ph.D., D.Sc., LL.D., F.R.S.C., F.R.S. Dr.
Schneider was born in Wolseley, Saskatchewan in 1915. He received the B.Sc.
in 1937 and the M.Sc. in 1939 from the University of Saskatchewan and the
Ph.D. in 1941 in Physical Chemistry from McGill University. From 1941 to
1943, Dr. Schneider was a Research Associate at Harvard University on a
Royal Society of Canada Fellowship. During the next three years he was a
Research Physicist at the Oceanographic Institute at Woods Hole, Massachu-
setts, conducting research on the properties of underwater explosions and
development of anti-submarine weapons. In 1946 he joined the staff of the
National Research Council as Head of the General Physical Chemistry Section
of the Division of Chemistry. During 1952-53 he was on leave of absence at
Cambridge University where he worked in the theoretical chemistry laboratory
with Sir John Lennard-Jones. Dr. Schneider was Director of the Division of
Pure Chemistry from 1963 to 1966, and Vice-President (Scientific) of the
National Research Council from 1965 until his appointment as President on
1 September 1967. He is a Fellow of the Royal Society of London, The Royal
Society of Canada, and the Chemical Institute of Canada. He has been awarded
the Chemical Institute of Canada Medal. The Honorary Doctor of Science degree
has been conferred on him by York University, and the Honorary Doctor of
Laws by the University of Alberta, and Laurentian University. He is a member
of The Faraday Society, the American Chemical Society and the American
Physical Society, and is a member of the Editorial Board of various scientific
journals. Dr. Schneider has published 120 scientific papers and is co-author
of the book ‘High Resolution Nuclear Magnetic Resonance’ by Pople, Schneider
and Bernstein. Dr. Schneider has won international recognition for his con-
tributions to the study of intermolecular forces and molecular properties. His
work in high resolution proton magnetic resonance has resulted in a number
of important contributions to structural chemistry, proton exchange behaviour
and hydrogen bonding. He is also noted for his extensive studies of organic
crystal semi-conductors.

TUPPER, Kenneth Franklin, O.B.E., B.A.Sc., S.M., D.Sc., LL.D., M.EIC. (Hon.),
F.R.Re.S. Dr. Tupper was born in Lynn, Massachusetts, in 1905. He obtained
the B.A.Sc. degree in Mechanical Engineering from the University of Toronto
in 1929. The same year he joined the National Research Council as a research
engineer, employed in the design of wind tunnels and aeronautical research
facilities. From 1944 to 1946 he was Chief Engineer at Turbo Research Limited,
a crown company engaged in design and development of aircraft gas turbines.
Dr. Tupper was then named Assistant Director of Research and subsequently
Director of the Engineering Division at NRC’s Atomic Energy Project (now
Atomic Energy of Canada Limited). In 1949 he returned to the University
of Toronto as Dean of Applied Science and Engineering. From 1954 until
1963 he was President of the consulting engineering firm of Ewbank, Tupper
and Associates Limited, Toronto. Dr. Tupper was appointed Vice-President
(Scientific) of the National Research Council of Canada on 1 January 1964.



He holds an S.M. degree in Aeronautical Engineering from the University of
Michigan, honorary D.Sc. degrees from Laval University, the University of
Western Ontario and the University of Sherbrooke, and the honorary LL.D.
degree from McMaster University. Dr. Tupper is an Henorary Member and
Past President of the Engineering Institute of Canada, Vice-Chairman of the
Board of Governors of the Ontario Research Foundation, and a Fellow of the
Royal Aeronautical Society.

BONNEAU, Louis-Phillipe, B.A.Sc. Prof. Bonneau was born in St. Francois,
County of Montmagny, Quebec, in 1916. He received the B.A.Sc. with Honors
(Summa Cum Laude) from Laval University in 1942. From 1942 to 1946 he
was an Engineer with Canadian Johns-Manville, Asbestos, Quebec. He joined
Laval University in 1947, and was a Professor in the Department of Mechanical
Engineering until 1954, when he was appointed Director of that Department.
Prof. Bonneau was appointed Vice-Dean, Faculty of Science, in 1956, and
Dean, in 1960. In 1961 he was appointed Vice-Rector of Laval University.
The Honorary Doctor of Science degree has been conferred on him by Queen’s
University and Laurentian University. He was named a member of the National
Research Council in 1963, and is a member of the Board of Directors of Laval
Hospital, and of the Board of Governors, Canadian Bankers Institute. He is a
member of the Engineering Institute of Canada; Corporation of Professional
Engineers of Quebec; Association Canadienne-Francaise pour I’Avancement
des Sciences; Canadian Institute of Mining and Metallurgy; American Society
for Metals; American Society of Mechanical Engineers; and the American Society
for Heating and Refrigeration Engineers. He is a former member of the
Defence Research Board, and the Committee of Science and Medicine for the

Canadian World Exhibition, 1967.

GAUVIN, William H., B. Eng., M. Eng., Ph. D., D. Eng., F.C.LC., P. Eng. Dr.
Gauvin was born in Paris, France, in 1913. He received his early education in
England, Belgium and France, and came to Canada in 1930 where he worked
as a chemist for the next eight years. From 1938 to 1944 he attended McGill
University, obtaining the B. Eng. in 1941 and M. Eng. in 1942. From 1942 to
1946 he lectured in the Chemical Engineering Department at McGill University,
and obtained the Ph.D. there in 1944. From 1944 to 1946 he was Plant Super-
intendent with F. W. Horner Limited, Montreal, and the following year returned
to McGill University as Associate Professor in the Department of Chemical
Engineering. From 1951 to 1958 Dr. Gauvin served as consultant to the Pulp
and Paper Research Institute of Canada. In 1958 he became head of the Chemical
Engineering Division of the Institute, while teaching and directing research in
the Chemical Engineering Department at McGill University. He joined the
Noranda Group of Companies as Manager of the Noranda Research Centre
at Pointe Claire, Quebec, in 1961, and continued to direct postgraduate research
work at McGill University. Dr. Gauvin is a Fellow of the Chemical Institute
of Canada, a past Member of the Council of the Engineering Institute of Canada,
a Member of the American Institute of Chemical Engineers, the Institution
of Chemical Engineers, the American Institute of Mining and Metallurgy, the
Canadian Institute of Mining and Metallurgy, the Canadian Pulp and Paper



Association, the Association of the Pulp and Paper Industry, the American
Society for Engineering Education, and the Corporation of Professional En-
gineers of the Province of Quebec. In 1964 he was named a member
of the National Research Council of Canada. Dr. Gauvin has published over
seventy-five papers in the fields of electrochemistry, heat transfers, and par-
ticulate systems (technology of droplets and small particles) and has patents
on a new chemical engineering processing technique (the Atomized Suspension
Technique).

HUNT, A. Brewer, B.A. Sc.. D. Eng., F.EIC., F.LEE.E. Dr. Hunt was born in
London, Ontario, in 1902. He graduated from the University of Toronto in 1928
with the degree of Bachelor of Applied Science, and received the medal award
from the British Association for the Advancement of Science. Immediately fol-
lowing graduation, Dr. Hunt joined the Northern Electric Company as a
manufacturing methods engineer. He held many senior engineering and
management positions with the Company and, from 1960 until his retirement
in 1967, held the position of Vice-President, Research and Development, in
charge of the Company’s laboratories in Ottawa. Dr. Hunt was awarded the
Engineering Institute’s Ross Memorial Medal, in 1946, for his paper entitled
“The Future of Radio Communications in Canada.” In 1954 he was loaned to
the Government for a period of eighteen months as Director of the Electronics
Branch of the Department of Defence Production. In 1966, Dr. Hunt was named
a member of the National Research Council of Canada. He is retired Command-
ing Officer of the 11th Signals Regiment (Reserve); a Past President, Director,
and Chairman of the Research Committee of Electronic Industries Association
of Canada; past Vice-President, Research and Development Division of the
American Management Association; a member of the Industrial Research Com-
mittee of the Ontario Economic Council; a member of the Research and
Development Committee of the Canadian Manufacturers’ Association; and a
member of the advisory boards of the Faculty of Science of the University of
Ottawa, the College of Engineering of Saskatchewan University, and the
Materials Research Unit of McMaster University. He is a member of the
Association of Professional Engineers of Ontario, the Institute of Electrical and
Electronic Engineers, the American Association for the Advancement of Science,
and a Fellow of the Engineering Institute of Canada.




THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY

EVIDENCE

Ottawa, Wednesday, October 23, 1968.

The Special Committee on Science Policy
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) in
the Chair.

The Chairman: Honourable senators, when
on March 12 this year our committee held its
first public hearing, I explained that our
inquiry would be divided into three main
phases. Up until now we have heard experts
on broad questions of science policy both
from Canada and abroad. Today we are
beginning the second stage which will consist
of hearing the research agencies of the
Canadian Government, and finally when we
are through with this second stage, as we
have agreed previously, we intend to receive
representations from the provincial research
agencies, and from the private sector includ-
ing universities, industry and professional
organizations.

On behalf of the members of the commit-
tee, it is a great pleasure for me to welcome
the President of the National Research Coun-
cil and his colleagues and associates who are
at this table, Dr. Schneider, President; Dr.
Tupper, Vice-President (Scientific); and then
Dr. Hunt on my far right.

[Translation]

On my left, you see professor Bonneau,
Vice-Rector of Laval University, and, finally,
Dr. Gauvin, also a member of the National
Research Council.

[English]

The National Research Council is one of the
oldest and still, I believe, the most important
government research agency. It is therefore
quite appropriate that we begin this second
phase of our inquiry with this institution
which has contributed so much to Canadian
scientific effort. So, without any further intro-
duction, I would ask Dr. Schneider to make
his statement, and then of course we will go

on to the question and discussion period as
usual.

Dr. William George Schneider (President,
National Research Council): Mr. Chairman,
honourable senators, first of all I would like
to say that we appreciate very much this
opportunity to appear before your committee
on Science Policy. Since the National
Research Council has a total day-to-day
involvement in science, your study will cer-
tainly be of very special interest and impor-
tance to us.

We have prepared a formal submission
along the lines suggested to us by your
research staff. This, together with a lot of
additional documentation, which we have
provided, will make rather a lot of reading.

Accordingly, we thought it might be useful
to supplement this with a short brief which
reviews our current situation in science and
outlines a number of issues and problems
which we feel must be dealt with by future
policy.

In order to set some of these issues in per-
spective, I would like to begin with a few
general remarks about science and public
policy.

I. SCIENCE AND PUBLIC POLICY:

The principle of a public and government
responsibility for science is now generally
accepted in all advanced countries. This has
come about not so much because science itself
represents a primary mission of government,
but because science and technology provide
an essential means of achieving national
goals. But to utilize and exploit science effec-
tively to this end requires a vital and highly
competent indigenous science. Accordingly,
when we consider what is generally referred
to as science policy, there are really two main
aspects: (a) policy for science proper, which
is concerned with developing and maintaining
in a favourable atmosphere a strong
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indigenous science, and (b) policies concerned
with the mobilization and application of
scientific resources toward achieving national
goals. These two aspects are related since a
weak and incompetent science is not likely to
achieve the hoped for results even with large
expenditures of public funds.

Decision-making and policy formulation in
matters relating to science must take account
of certain criteria (criteria of choice) as well
as specific goals and objectives. The values
and benefits of scientific research may be
classified according to intrinsic scientific cri-
teria, and/or according to social, economic
and technological criteria. The scientific cri-
teria, whether it is good or bad science, are
relevant both to basic science and applied
science. While the objectives and subject mat-
ter may vary, the discipline and methods of
science; and the techniques of science are
common elements. Because of their special-
ized nature, the purely scientific criteria must
be established and applied by knowledgeable
scientists. On the other hand, the social eco-
nomic and technological criteria can only be
assessed in terms of defined goals and objec-
tives formulated by public policies. Scientific
research can then be assessed in terms of its
potential and effectiveness (by comparison
with alternative approaches) toward further-
ing these objectives.

The two aspects in the total government
responsibility for science, which, although
interrelated and interdependent, require basi-
cally different decision-making and policy
formulation as follows:

a) Science as an Essential National Activity
of its Own:

We include here all those activities neces-
sary for the development of our scientific
resources and maintaining a strong
indigenous science. These are for example,
basic research (which includes almost all
university research), research manpower
training, research facilities, scientific publica-
tions and scientific information systems,
scientific organizations, research services, etc.
In addition to its cultural and educational
values, science is a national investment, and
constitutes a creative and progressive element
in advanced societies. Science has its own
standards, which, though world-wide in their
effects, largely originate in scientifically de-
veloped countries. Yet no country has a
monopoly on ideas, and good ideas come from
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highly competent individuals working in a
favourable and stimulating environment.
(This point needs stressing when we speak of
scientific resources). Moreover, because of the
unpredictability of scientific discovery, new
scientific advances cannot be planned or cen-
trally directed. Planning and decision-making
of this kind of science, at the government
level, should be primarily confined to the
establishment of the appropriate scale of over-
all funding and provision for major research
facilities.
b) Science as a Contributing Component
Toward Social, Economic and Technologi-
cal Goals:

By contrast, science deployed in support of
social, economic and technological goals can be
evaluated in terms of its promise in further-
ing these goals, and can be planned in more
detail. Resource allocation to individual pro-
grams is then guided by public policy and
national priorities which must first be estab-
lished. The extent to which the latter are
clearly delineated will have a bearing on the
efficiency and effectiveness with which scien-
tific resources are utilized. Nevertheless, deci-
sion-making is this area is generally confront-
ed with difficult choices between competing
programs requiring detailed study and
evaluation in terms of the criteria of choice
referred to earlier. Thus, while scientists
have an important input in terms of the
appraisal, planning and implementation of
individual programs, ultimate decision-mak-
ing is the responsibility of government. This
point is illustrated for example by the new
NRC low-speed wind tunnel, by the new pro-
gram of water resources research assigned to
the Department of Energy, Mines and
Resources, and by recent action with respect
to a communications satellite.

In an operational sense, the National
Research Council has been given a broad re-
sponsibility to develop and nurture a scientific
research capability in Canada and to deploy
scientific research for national needs. It
should be noted here the latter function is
also shared (in a defined way) by a number of
government departments and agencies which
undertake scientific research to support their
particular mission.

Thus, as far as statutory functions and pro-
grams are concerned, the operations of the
National Research Council fall under both
policy aspects (a) and (b) above, whereas the
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research operations of other agencies and
mission-oriented departments fall predomi-
nantly under (b). Accordingly, because of the
wider responsibilities of the Council, it must
be responsive to new opportunities and new
research needs which do not fall within the
prescribed missions of government depart-
ments and other agencies.

As an aside, I would like to comment at
this point on statements sometimes made that
there is very little co-ordination as far as
federal government in-house research pro-
grams are concerned. There is in fact close
liaison and frequent informal consultation to
avoid unnecessary overlap and duplication of
research activities at the Deputy Minister
level and at the working level. There exists
also a number of inter-departmental and
inter-agency policy and research co-ordinat-
ing committees. The Council has also set up a
number of joint committees with other depart-
ments and agencies and to a large extent this
function is also served by N.R.C. Associate
Committees.

II. REVIEW OF THE CURRENT STATE OF
SCIENCE IN CANADA:

During the two decades following World II,
there has been an accelerating development
of science in Canada. The initial stimulus was
provided by the war itself. The research
activities of NRC laboratories were expanded
considerably during the war years and during
the immediate post-war period. Out of these
activities also grew the Defence Research
Board, Atomic Energy of Canada Limited,
and later Canadian Patents and Development
Limited, and the Medical Research Council.
This period also saw an intensification of
research activities in a number of government
departments concerned with natural resource
development.

In 1946, there were really only two univer-
sities in Canada in a position to grant doctor-
ate degrees in most scientific disciplines. The
rapid expansion of our universities, and of
our educational system generally during the
post-war period has been a remarkable
Canadian achievement. Today at least fifteen
universities have strong graduate schools in
science and engineering, and another dozen
or so award advanced degrees in a number of
scientific disciplines. The National Research
Council’s contribution to the expansion of

university research activities and graduate
training has grown from 7.2 millions in 1960-
61 to 45.8 millions in 1967-68.

New research personnel required to achieve
these periods of expansion, first in govern-
ment laboratories and later in universities,
were supplemented in large measure by
immigration and recruitment abroad. The
output of new graduates from Canadian uni-
versities continued to be well short of the
needed research manpower. Although there
has been some loss of Canadian graduates
through emigration, their number has been
substantially less than the number of new
scientists and engineers gained by immigra-
tion.

As mentioned earlier, a number of univer-
sities have built up strong graduate schools,
and several of these are approaching front-
line rank comparable to the best anywhere.
In general, the older disciplines, such as
mathematics, physics, chemistry, biology and
geology, tend to be more highly developed
and now have a considerable number of
investigators of international stature. We
have not won Nobel prizes in recent years (if
this is an indicator), but we now have some
runners-up, and in five or ten years Canada
should be able to gain its proportionate share.
Nevertheless, a number of branches of the
main disciplines are still weak and need
strengthening, as for example, molecular
biology, inorganic chemistry, theoretical
physics and chemistry, solid state physics,
and biophysics. Some very promising
research groups are developing in the newer
fields of space sciences, radio astronomy and
in computer sciences. Generally speaking, the
applied sciences and engineering disciplines
are as yet not as highly developed as the pure
science disciplines. This is largely attributable
to the fact that research in engineering
schools is expensive, cannot flourish without a
favourable industrial climate, and has had a
much later start, although it is now develop-
ing rapidly. Scientific research in the franco-
phone universities also had a later start, and
until recently, tended to have a slower
growth rate than that of the larger anglo-
phone universities.

During the past decade in which there has
been a rapid expansion of scientific research
in universities, industrial research has had a
very modest growth. The reasons for the rela-
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tively disproportionate development of scien-
tific research and advanced technology in
Canadian industry are many, and cannot be
detailed here. They bear a close relationship
to the general Canadian industrial climate,
including such factors as size of markets,
tariffs, transportation costs, subsidiaries of
foreign companies, and in particular the ab-
sence of extensive government military and
space programs. It also must be admitted that
in the face of a rapid university expansion in
the recent past, industrial laboratories have
not competed successfully for their share of
top scientific and engineering talent. It is
sometimes claimed that to-day’s graduate is
too strongly academically oriented and not
interested in industrial research, and those
that are, frequently look to industries in the
United States in the belief that industrial
research opportunities are lacking in Canada.
Some of these difficulties could be overcome
by a greater strengthening of the ties between
Canadian industry and the engineering
schools.

Our competitive position in world markets
and our industrial and economic expansion in
Canada will depend to an increasing degree on
advanced technology. Presently, there exists
a number of programs, including those of
the National Research Council and the
Department of Industry, which are intended
to promote and assist industrial research and
development. The results from these pro-
grams have been encouraging, but they are as
yet modest programs and fall far short of
what is needed. Some well planned and inte-
grated programs are necessary to generate
the momentum needed in this area.

While we have had a continuing shortage of
highly trained research manpower in the
past, according to the most recent study now
being completed by the Council, this picture
is likely to change rapidly because of the
expansion of our universities and particularly
university graduate training in recent years.

Chart I displays the number of new Ph. D.
graduates in science and engineering in each
year during the period from 1959 to 1968 and
projected to 1973. In this study, Ph. D. gradu-
ates were used since there is a correlation
between research activity and manpower
trained to this level. In round figures the
annual output of new Ph. D.s has increased
from over 200 in 1959 to a projection of

Special Committee

around 2,000 per year in 1973. (These figures
do not include Ph. D.s in the Medical
Sciences). The annual number of new employ-
ment positions has increased from somewhat
over 400 to nearly 1,000 and is not expected
to increase greatly beyond this figure. While
these projections are subject to limitations
and uncertainties, it does appear that we will
no longer be faced with an overall deficit in
scientific manpower.

The second feature displayed by Chart I is
the distribution by sector, of the new employ-
ment positions. The rapid rise in Ph. D.
employment over the last 10 years is directly
related to the rapid university expansion and
the universities themselves have been taking
up most of the new graduates. In the future,
while the rate of university expansion is
expected to be more modest, the universities
are likely to continue to employ the largest
number of new graduates, with government
employing slightly increasing numbers, and
there does not appear to be an increasing
demand likely to be forthcoming from the
industrial sector, under present conditions.
This general picture, however, must be
strongly qualified. The figures represent an
average over all disciplines and there is con-
siderable variation among different disci-
plines. In many disciplines shortages may be
expected to extend well into the seventies.
The requirement for new employment posi-
tions is basically a projection of existing
activities and programs and involves the
assumption that no major new government-
sponsored programs will be launched during
the next few years. With the greater availa-
bility of scientists and engineers at the Ph. D.
level, it is very likely that in future an
increasing number will be absorbed by tech-
nical schools, community colleges and other
post-secondary institutions. Account must also
be taken of the fact that the projected num-
ber of graduates include a considerable num-
ber of foreign students and the number likely
to return to their country of origin is
unknown.

Chart II illustrates the distribution among
the three sectors of Ph. D. scientists and engi-
neers in another form. The total average
number of Ph. D.’s employed in all sectors
was 4,300 for the period 1959-63 and is pro-
jected to rise to 11,500 in 1973.

Senator MacKenzie: Mr. Chairman, may I
ask one question. Does that include all the
Ph.D.’s or only those in science?
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Dr. Schneider: Only those in science and
engineering, excluding medical science. It
does not include social sciences and the
humanities.

Senator MacKenzie: Thank you very much.
Dr. Schneider: Subject to the qualifications
indicated earlier, the university sector will

take up an increasing proportion of the total
Ph.D. graduates, increasing from 53% in 1960
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to about 70% in 1973. The corresponding
figure for government laboratories will be
halved from 33% to 17%, while there will be
virtually no relative change in the industrial
sector. The present studies relating to scien-
tific manpower resources are as yet prelimi-
nary and lacking in sufficient detail. How-
ever, they are the most up-to-date presently
available, and have implications which should
be kept in view in respect of shaping national
policies and programs.
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CHART 1|
Ph.D OUTPUT AND NEW EMPLOYMENT
CANADA 1959-1973
(scientists and engineers)
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CHART 2
EMPLOYMENT OF Ph.D's

IN SCIENCE AND ENGINEERING
CANADA [959-1973
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III. CURRENT ISSUES AND PROBLEMS:

1. It is clear that while we have made great
strides in our scientific development during
the past two decades, our present develop-
ment with respect to the application and utili-
zation of science is alarmingly unbalanced. We
have not achieved a sufficient rooting of R & D
in the industrial sector, nor has existing
industrial R & D developed a sufficient
momentum for growth to assure the future
welfare of advanced industrial technology in
Canada. The reasons for this are complex and
go well beyond a willingness on the part of
Canadian industry to undertake a greater
effort. Our present industrial climate, struc-
ture, and resources are not sufficiently favour-
able to induce industry to undertake major
long-range R & D programs. Longer range pro-
grams to develop new advanced technology
frequently require a lead time of from five to
ten years and an economic return may not be
realized until ten or twenty years later.
Investment in industrial research must com-
pete with other forms of investment which an
industry can make. Since many industries are
chronically short of capital, it becomes difficult
to fund industrial research and much more
difficult to do so when the economic return
may not be realized until ten or twenty years
later. Accordingly, our minimal industrial
R & D effort has concentrated for the most
part on short-range programs likely to pro-
duce a more immediate return. More often
than not this is concerned with minor exten-
sion or elaboration of existing technology
rather than with the development of promis-
ing and entirely new technology. Both are
essential, but the latter is more likely to pro-
vide the challenging opportunities in industrial
laboratories which will attract the highly
gifted and creative scientists and engineers.
Their presence in the industrial environment
will greatly stimulate innovation generally.
Our deficiencies in these respects today will
increasingly compromise our economic poten-
tial ten or twenty years from now.

Research and development, although it
requires the greatest lead-time, and therefore
must be provided for and planned well in
advance, is but one part, and usually the least
expensive part, of industrial innovation and
successful economic exploitation. As a nation
we must make a much greater commitment to
new technology. With limited resources we
cannot of course hope to challenge on all
fronts. But by being selective and concentrat-
ing our efforts we can become pre-eminent in
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those areas where we have a favourable base
or special advantage. As part of Federal gov-
ernment policy these areas should be iden-
tified and given special support and encour-
agement on a priority basis. Possible areas
which should be considered include transpor-
tation, telecommunications, building materials
and building technology, environmental pollu-
tion, metal physics and metallurgy, marine
sciences, food technology, energy and power
technology, northern development and spe-
cialized computer technology.

2. In order to exploit and assimilate new
scientific knowledge and technical informa-
tion, and develop engineering design data, it
is essential that research scientists and engi-
neers have ready access to the rapidly
expanding world-wide information pool. This
means on the one hand that industry must
have scientists and engineers competent to
interpret and assimilate this knowledge, and
secondly, a rapid system of information dis-
semination capable of providing them with
the special knowledge they require. Through
the National Science Library and Technical
Information Service, the Council has attempt-
ed, during a long period of time, to provide a
stockpile of scientific and technical informa-
tion and a mechanism for its transfer into
industry and universities. A period of transi-
tion has now been reached when new tech-
nologies—the digital computer on the one
hand, and high capacity information trans-
mission networks on the other—make it
possible soon to increase greatly the extent of
the services offered. In the immediate future,
it seems likely that an expenditure to make
existing scientific and technical information
widely available will be more rewarding than
an expenditure simply to gain, through
research, new information. Consequently, the
provision of computer and data transmission
systems to the National Science Library to an
increasing extent can be anticipated.

3. Science generally in Canada has now
developed a reasonably broad foundation and
considerable strength, though somewhat
diffusely based in a considerable number of
university laboratories. The most immediate
needs for the future will be to develop great-
er depth and concentration in important
selected areas. The Council’s recently esta-
blished program of Negotiated Development
Grants is intended to aid his objective. Grants
of this type have already been awarded to a
number of universities in such areas as
materials science, pestology, mathematics and
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computer science, and mechanics. There is
also a need to provide for special research
facilities and to foster more inter-disciplinary
research. In certain research areas stronger
links and co-operation with social science dis-
ciplines must be established. Finally, if our
limited scientific resources are to be deve-
loped and deployed in the the most effective
manner, a much closer interaction and col-
laboration between university laboratories,
government laboratories and industrial
laboratories than now exists must be given
strong encouragement. This would be greatly
aided by mutual participation in large
research projects of major national signifi-
cance or in important local or regional
problems.

4. National policy must concern itself with
the application of science to social and eco-
nomic problems and to improving the human
environment. Generally these are areas which
tend to fall outside the industrial sector. They
include, for example, conservation, pollution
and other environmental problems, housing
and urban problems, fire protection, law
enforcement, public health and public safety.
The application of science to these social
problems is greatly complicated by the struc-
ture of government in Canada where general-
ly the provinces carry the responsibility in
the areas where the problems lie. Federal
government programs tend to be restricted to
the solution only to the most basic common
problems, but do not provide for the applica-
tion of the solution, which has to remain with
the provinces.

5. A further area of national policy requir-
ing urgent attention is that of regional dispari-
ties. During the recent build-up of scientific
research in Canadian universities, it has been
particularly apparent that the resources from
provincial sources available to universities in
the Atlantic provinces have been considerably
less than those in other provineces. This mere-
ly reflects a long-standing economic disparity
in these provinces. Scientific research can
contribute toward an alleviation of these
problems. Particular programs should be inte-
grated with regional programs designed to
promote resource and industrial development.

6. The role that science can play with re-
spect to problems of national unity and inter
cultural relationships may be somewhat
iridirect, but nonetheless important. The
development of science in francophone uni-
versities has had a later start due to the lack
of emphasis on science in the past. There is
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now a serious attempt to catch up, and to do
so over a shortened time-scale will require
augmented resources. The establishment of
some major research laboratories in which
French is the working language should be an
important national goal. Exchange programs
for visiting professorships and students
between francophone and anglophone univer-
sities should also be encouraged.

7. To an increasing degree scientific
research activities are also being sponsored
by provincial governments, in support of spe-
cific problems and objectives. In the majority
of provinces these programs are centered in
provincial Research Councils or similar
bodies. Research projects are frequently also
sponsored in university laboratories. Accord-
ingly, a national science policy should take
account of programs and goals of provincial
governments and through mutual consultation
promote co-operation and co-ordination of
research programs.

8. Finally, I should like to comment on the
future role of the National Research Council
in the evolving national framework for
science. Under its Act, the National Research
Council was set up as an independent agency
of the federal government with a broad re-
sponsibility for science. With the recent estab-
lishment of the Science Secretariat and the
Science Council, both with strictly advisory
roles, the National Research Council contin-
ues as the main operational agency in the
science area. Occasionally it is suggested that
some of the present functions of the Council
should be separated, as for example, industri-
al research, or the university grants program.
The setting up of a separate Engineering
Research Council has also been suggested. In
our view, the splitting of pure and applied
science, and the separation of the above func-
tions from the National Research Council,
would be a serious mistake. The effectiveness
of the Council in the past has been due in
large measure to the close working contact it
has established with the scientific community,
both in pure and applied science, and to the
confidence it has engendered by practising
high quality science in its own laboratories.
Were NRC to be isolated from university and
industrial research activities, it would soon
become ineffective as a national science body.
At a time when major research projects
require an interdisciplinary approach and fre-
quently also require co-ordination of co-oper-
ative programs with university, industry and
government laboratories, excessive fragmen-
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tation of agencies would be a serious hand-
icap. As a result of past efforts of the Council,
strong university research centers have been
developed, assuring an adequate supply of
research-trained manpower for the future.
University research support must continue,
but we must now also greatly intensify our
efforts in applied and industrial research. For
this the first urgent step must be a clearer
delineation of national objectives and priori-
ties. In the meantime, the National Research
Council will continue to work towards solu-
tions in the various problem areas outlined
above, consistent with its mission, and
national need.

Senator Lang: Mr. Chairman, I would first
thank Dr. Schneider for his care and trouble
in preparing this brief. We recognize, Dr.
Schneider, the importance that your agency
plays in the study which we are undertaking.
We realize that we must understand thor-
oughly the aims, objectives and methods of
operation of the NRC, in order to make our
study complete. Accordingly, we attach great
importance to your presence here today and
appreciate it.

In addition to the material furnished by the
NRC, some material has been furnished to me
by our committee and I realize, for the first
time, the extent of the “embarrassment of
riches” in Ph.D.’s which we seem to be about
to enjoy in this country.

I know you will be familiar, Dr. Schneider,
with some of the other material I have in
front of me, which would indicate that this
problem is not confined to Canada but may
be a relatively widespread phenomenon in the
western world—if we are to believe Dr.
Ernest Rudd, who wrote an article in Miner-
va of last spring, entitled “The Rate of Eco-
nomic Growth, Technology and the Ph.D.”;
and particularly an article in the October edi-
tion of The Economist entitled “How to Lose
the Technological Race,” which underscores
the dangers inherent in this diversion of our
highest talents into the pure sciences and into
the academic field to the detriment of the
technological side of our society.

I know very well that you have under-
scored this in your brief and have attempted
to some extent to pose some solutions to the
problem. I would like to suggest to you that
in this committee we would hope that the
NRC could be more specific in this area.
Although you suggest that is the primary re-
sponsibility of government policy in these
directives, I think that, in turn, it is the
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activities of the Council that will prompt
those government policies. It may be that the
suggestion made—which you referred to as
splitting pure and applied sciences—arises
from this problem. I do not know that.

In your conclusion, I note that you say that
your past efforts must be continued to main-
tain strong university research centres and
that university research support must be con-
tinued. You have mentioned that you must
intensify your efforts, ‘“our efforts,” in
applied or industrial research.

If this problem has a significance which I
think I would have to attach to it, from the
brief reading I have done, it would appear to
me that it is time for the NRC to embark on
very specific means of altering the direction
of the educational priorities in this country in
this area, and specifically, perhaps, through
your control of grants to universities for
research, or in stimulating activity in the
industrial sector in a way far in excess of
those efforts which we have tentatively seen
in the Program for the Advancement of
Industrial Technology (PAIT) and the other
programs.

I would invite your comments on these
remarks.

Dr. Schneider: Honourable senators, cer-
tainly this is an area that we are studying
very seriously now and we certainly hope
very soon to come up with proposals and
programs which we would hope the Govern-
ment would consider very favourably. This is
a situation which has come upon us rather
quickly. As you can see, in the past we have
had this chronic shortage of research-trained
manpower. We have had to recruit most of
our people from abroad. Now, for the first
time, we are beginning to graduate enough
research-trained manpower, so that now we
can really do something.

I think the problem here is to find out why
things are not opening up faster in industries.
We have to get more of this manpower chan-
nelled into industry working in areas of
advanced technology. The problem really is to
find ways and means of encouraging and pro-
moting this objective, and this is certainly a
problem we are studying very seriously.

Of course, this would also involve other
Government departments. It is not an easy
problem.

On the other side of the picture, I would
not say, as you put it, that the present output
of Ph.D. graduates is an embarrassment. On
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the contrary, I think this is an opportunity.
Certainly we have had too few of those peo-
ple in the past. Certainly, also, a lot of those
will, I think, go into the other educational
fields, such as community colleges and so on,
and it may be even into high schools, which
might be a good thing.

Also, in the past, there really has been no
competition for a position. Every graduate
during the past ten years was immediately
offered perhaps half a dozen jobs to choose
from. There has been no competition for any
of those positions. Now, for the first time,
there might be some competition, which may
not be a bad thing.

By and large, I hope that some of these
resourceful people, well-trained, will become
scientist-entrepreneurs and perhaps start up
their own industries.

I certainly would not regard the number as
an embarrassment.

Also, as I have pointed out, there is quite a
number of foreign students in this group. I do
not think we are anywhere near producing too
many Canadian Ph.D.s. Of course, in the
past, we have had to rely very largely on the
supply of foreign-trained scientists, through
immigration and recruiting abroad. We have
gained tremendously by this, and I suppose it
is reasonable that we are prepared not to
train some foreign students in Canadian
universities.

By and large, the number of Canadian
Ph.D. graduates is not an oversupply and, of
course, this varies in different disciplines.

I agree with you that the NRC will certain-
ly be taking initiatives to try to find ways and
means as to how these directions I have
indicated might be promoted and encouraged,
and we certainly will be coming up with
proposals.

Senator Lang: If I may still have your
attention, Mr. Chairman, I would like to
direct a few questions to Dr. Schneider, and I
hope I am not labouring a point.

I would like to revert to my reference to
the article in Minerva, written by Dr. Rudd,
where it is strongly suggested that expendi-
tures on pure science are not in the best
interests of at least the economic development
of any country and, in this case, he is specifi-
cally referring to Great Britain. However, I
imagine this applies even more to Canada.

Dr. Rudd in his article states:

(1) Those figures which have so far
been published for the research and
29009—23
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development expenditure of industrial
countries show no relationship between
the level of research and development
expenditure and the rate of economic
growth.

(2) Discoveries in pure science do not
necessarily stimulate the production of
inventions...

(3) The purchase of “knowhow” by a
firm or even a country can play a more
important part in technological advance
than the firm’s or the country’s own
research and development.

I suggest, Dr. Schneider, if there is any
merit whatsoever in these observations, that
perhaps the course the NRC has been follow-
ing in connection with the expenditure of
public funds on pure science, either in house
research or universities, may very well have
been a misapplication of funds. May I have
your reaction to that?

Dr. Schneider: First of all, I think this
question has been studied a great deal, as you
know, by OECD—the Organization for Eco-
nomic Co-operation and Development—in
recent years. The difference, for example,
between industrial development and industri-
al innovation in Europe and in the United
States is that Europe did not really perform
as well in the application of industrial exploi-
tation, even though it is true there is a very
competent fundamental science in Europe.
Now, I believe it would be inaccurate to say
that you could have a strong industrial
science without also having some basic
science, or what we have called a strong
indigenous science. If you look at any
advanced industrial country you will see that
they have this. If you do not have this strong
indigenous science and some good scientists
who are in contact with front-line science
who know what is going on elsewhere then,
of course, you cannot have the other either.
They would not be able to assimilate the
science that is being developed elsewhere to
exploit it for their own purposes. That is one
side of the story. On the other side, the ques-
tion of industrial innovation raises other
problems. I do not feel that you can have a
strong industrial country without having a
strong indigenous science as well, because
they go together. However, you could have a
strong science without having industrial
exploitation and this, of course, is what Euro-
pean countries, as well as Canada, are wor-
ried about. There are many other problems
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here; in other words, if you simply hope to
live on imported and second-hand technology,
you are always going to be well behind.

I feel that you need this strong indigenous
science to have a competence in front-line
science, but then you have to build up the
applied sceince. You have to make sure that
there is sufficient communication so that the
pure science backs up the applied science.

Now, for many reasons we have not suffi-
ciently developed our applied science, par-
ticularly our industrial research, and this is a
problem we have to cope with now. We must
find ways and means to do something about
5 48

In regard to universities, you mentioned
the NRC grants. As I previously mentioned,
there has been a very serious shortage of
research-trained manpower in Canada. I
think these policies, in order to build up uni-
versities, were national as well as provincial,
and they are not decisions that the NRC can
necessarily make on its own. The decisions
with respect to developing universities are
provincial matters, and the National Research
Council’s role is simply to help develop the
research along with the graduate training of
research manpower.

Perhaps someone else would like to add
something further.

[Translation]

Professor Louis-Philippe Bonneau, Member
of the National Research Council and Vice-
Rector of Laval University: Mr. Chairman,
could I add a few words to what the Presi-
dent of the Council has just said?

Perhaps there is also in the mind of a cer-
tain number of persons a slightly false idea
about the amount of money, or if you prefer
subsidies, which will support this so-called
pure research.

“If we examine even slightly where the
money is directed, we can realize that, in
many cases, subsidies are really granted for
so-called applied research, although the
Council may have given to Ottawa a perhaps
slightly false idea in this respect, because the
laboratories which made the headlines are
probably science laboratories where research
was in this so-called pure science.

It has quite often been forgotten that an
important part of the budget of the laborato-
ries situated on the Montreal Road has played
an extremely important role in the develop-
ment of what is called Canadian technology.
When we consider natural sciences, we must
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realize that the Council, even if it gave the
impression that it supported pure research
above all, has nonetheless given considerably
to applied research. This applied especially to
research in universities and more particularly
to engineering. I remember that, in 1954, the
President at that time had convened a meet-
ing of deans in civil engineering, in electrical
engineering and of deans of engineering
schools to try and stimulate this research.
This was done, and I believe that we have at
present a situation where the deans of engi-
neering schools are extremely strong in their
requests. All this comes from the fact that the
Council did a great deal to develop this
situation.

I think this is the starting point.

The problems are whole and extremely
difficult, but I believe that we should not
display masochism and complain that we did
not do what should have been done. I believe
that this was a great effort.

Senator Connolly (Ottawa West): Have you
any examples?

Professor Bonneau: Certainly. In engineer-
ing, you have, in the majority of universities,
very strong schools. I am thinking in particu-
lar about such sectors as electrical engineer-
ing at the University of British Columbia,
which is recognized at the international level.

Many other sectors across Canada could
also be considered as very good engineering
sectors. I am thinking, for instance, about Dr.
Patterson’s Institute of Aerospace Studies in
Toronto, which is also one of the great
laboratories in the international field.

Point-blank, it would be difficult for me to
give you the whole series, but if a survey was
made, it could be found.

[English]

Senator Lang: I have no intention of trying
to monopolize the committee’s time this
morning, Mr. Chairman. I would like to
direct a request to Dr. Schneider that arises
out of my perusal of the Montreal Gazette
this morning where I read an account of the
exploitation by a company in Smiths Falls of
a device developed by the NRC to measure
low voltages; I recognized it. It was referred
to in this supporting brief. I should like to
emphasize to Dr. Schneider that we, in this
committee, are all laymen in assessing per-
formance of an agency such as yours, and we
have to deal with rather pragmatic considera-
tions. I think, therefore, that because of our
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interest in your agency and our lack of back-
ground knowledge, we would appreciate fur-
ther expansion in some of the matters
referred to in this supporting brief. Particu-
larly, I note at page 38 there is a reference to
patents, new industries, technologies and pro-
cesses developed by or under the aegis of
NRC. Again, further on, there is a list of
some significant projects, amongst which is
included the device which I referred to as
being mentioned in the paper this morning.
These are very cursory in their content, and I
feel it would be of great value to this com-
mittee if someone in your establishment, Dr.
Schneider, would be prepared to set out, for
the information of our committee, say, all
projects completed within the last five years,
in order to give us some sort of empirical test
with respect to the operation of NRC during
that time. I would not expect this from any
witness today, because this would involve a
considerable amount of research, and I
appreciate the time that would have to go
into it. We are also, I think, Dr. Schneider,
interested in learning not only of the specific
projects that have evolved because of NRC,
but we are also interested in learning how
they came about, where they were conceived,
how they were developed—in house, out
house—who were the people involved,
through what chain of command did they
come about; and, incidentally, to try to show
to the committee perhaps what may lie
behind a reference to some chemical here
which was developed by the NRC and which,
through one reason or another, either com-
petitive interests outside or some other rea-
son, failed to gain commercial application.
These are very specific, non-esoterical mat-
ters that I think could be of great interest to
us, if you would be prepared to spend the
time and trouble with your staff to develop
this for us. I think that in this way we could
get a more exact evaluation of your
performance.

Dr. Schneider: We would certainly try to
provide the committee with this information.
I should point out that if you say a project is
“completed”, research is not something that is
turned off and on over a short time interval.
This is usually fairly long-range exploratory
research, and very often some new idea
comes out, such as this very new potentiome-
ter, and the people in this area suddenly seize
on this and then develop it. Many of these
projects are not going to be “completed”, let
us say, if you only consider the last five
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years. Some may still be going on, although
there has been some progress which has been
very beneficial, and many of these studies
will continue to go on. I think we could
attempt to document these, although we can-
not provide this information this afternoon.

The Chairman: I think what the senator
wants is a case history of your projects, and I
am sure you have that somewhere in your
files, because you have to monitor all these
projects. So, it might be a problem of compil-
ing these things, but as far as we are con-
cerned, I think it would be of great interest.

Dr. Schneider: I might just add that very
often it is very difficult to assess many of
these in the short term. Research needs a lot
of lead-time it is a long-term affair; and we
have wrestled with problems of cost-benefit
analysis, and so on. In retrospect, for some-
thing done many years ago, you can now see
the economic benefits. One has to trace these
through the wvarious sub-channels, but I
believe this can be done in retrospect and we
have people working on it, to try and assess
things we did some years ago; but with
regard to things completed in the last five
years, the economic benefits are just begin-
ning to be apparent, and it is very difficult to
project this into the future.

So, I think the whole question of the eco-
nomic benefits is a very difficult one to assess,
but we are attempting to document this for
some of the things we did, say, 10 or 20 years
ago, and which are now in use—and some of
which are paying off very well.

[Translation]

Professor Bonneau: I could add two exam-
ples which come to mind—one rather recent,
the other much older, in line with the Sena-
tor’s question.

The first concerns a submarine television
set.

At the time—this was at the beginning of
the 50’s—submarine television was completely
new, and there were enormous technological
problems.

For a specific reason, the Council had devel-
oped a set; it was available and was offered,
in a general manner, to the Canadian market.
It was manufactured afterwards in England.
The Canadian market, at that time, was not
interested in it.

Much more recently, a photogrammetry
instrument, developed in the Council’s
laboratories and nearly perfected, was finally
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produced in Italy—here again the Canadian
market, or industry, was not interested. I
believe this is also on the list suggested by
the Council.

This will happen again, because I believe
we have here the key to the problem, in
many cases of research and development. An
idea nearly reaches maturity—the point is
reached where the laboratory cannot handle
it any more, and it falls flat, or it is found
elsewhere, in other countries.

[English]

Senator Connolly (Otiawa Wesi): Could I
ask you on that point, in English—and this is
a supplementary question, Mr. Chairman, if I
may...

The Chairman: Just because you are a for-
mer Leader of the Government, I will permit
it.

Senator Connolly (Oitawa West): In either
case, in either of those devices, was there a
patent taken out either by NRC or the organi-
zation that put them to  practical
development?

Dr. Schneider: I am sorry, I did not hear
the question.

Senator Connolly (Ottawa West): Did NRC
take a patent on those processes, or did the
developers take patents?

Dr. Kenneth Franklin Tupper, Vice-Presi-
dent (Scientific) National Research Council:
NRC did take patents.

Senator Connolly (Otitawa West): So that
there is a return?

Dr. Tupper: Yes, there is a royalty. The
royalty goes to the Canadian Patents and
Development Company, which will be
appearing before the committee at a later
time.

Senator Aird: Mr. Chairman, Dr. Schneider,
I would like to ask a question that relates
like to correlate that question with page 1 of
your very large submission.

The first sentence on page 16, item 8, reads:

Finally, I should like to comment on
the future role of the National Research
Council in the evolving national frame-
work for science. Under its Act, the
National Research Council was set up as
an independent agency of the federal
government with a broad responsibility
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for science. With the recent establishment
of the Science Secretariat and the Science
Council, both with strictly advisory roles,
the National Research Council continues
as the main operational agency in the
science area.

That is my first reference. I should like now
to shift to your other statement in the large
brief.

The Chairman:
Aird?

At what page, Senator

Senaior Aird: Page 1, Mr. Chairman:

The broadly representative character of
the Council itself, as well as a strong
cadre of advisory and associate commit-
tees, provide the Council with the board
and detailed input necessary for decision-
making and policy formulation on all
aspects of scientific research in Canada.

What I believe this committee is concerned
with, Dr. Schneider, is not only the future
role of science policy but also the present
role. We are concerned, I think, with man-
agement and priorities. So what I would like
to have discussed by you is the mechanical
interrelationship of the Science Secretariat,
the Science Council, and the NRC. What I am
seeking is the trigger in the decision-making
process. What is the management? Because,
sir, if you take this sentence that I have read
from your large brief at its face value it
would seem that the NRC discharges that
function adequately at the moment. In fact,
the first thing that occurred to me when I
read that sentence was that there probably
was no necessity for this committee at all.
That is putting it fairly bluntly, but this is
the area about which we are concerned. We
are concerned about priorities and manage-
ment. I would like to hear your comments on
that general statement.

Dr. Schneider: Thank you. May I, first of
all, correct a misprint on page one of the
larger report. That phrase should read “pro-
vide the Council with the broad and detailed
input necessary’”; the word is not ‘“board”.
That is a misprint.

Since you have also alluded to this commit-
tee I should like to say that I think it is
serving a very useful role for the scientific
community, if not for the Government. Look-
ing at it from the point of view of the scien-
tific community, I think it does provide a
public forum where many of these issues can
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be discussed, and this is something that is
needed because, as you know, it is very diffi-
cult sometimes to get a consensus in the
scientific community. In this committee you
will hear all sides, and everybody has a
chance of making his case, and then I think it
is easier to arrive at a consensus.

On the question of the relationship between
the National Research Council, the Science
Secretariat, and the Science Council, I would
mention that the specific roles of each are
laid down in a statutory way. In practice, the
Science Council concerns itself specifically
with broad policy formulations. Of course, the
Science Council has not been in operation all
that long. They are still working hard at it.
We do not yet have a complete integrated
overall science policy emanating from that
body, but this is the intent.

These science policies, presumably, will be
formulated in rather broad terms. In other
words, these are the desirable directions for
us to go. Beyond this there still has to be
decision-making, and decision-making involves
not only deciding that these are good things
to do and that they have high priority, but
also the finding of funds.

This is not, of course, a case of the NRC
deciding something is good and then going
ahead and doing it. There has to be consulta-
tion within the Government structure, and
ultimately it means decision-making at the
Government level. Once the general policy
framework is there then certainly any pro-
grams that the NRC develops must be consis-
tent with the broad policy objectives.

Of course, if there is a vacuum and there is
no policy, and yet there is a national need or
a very urgent need, we will endeavour to try
to do something about it. I think it is entirely
proper for the Council to take the initiative
where they see new opportunities or an
urgent need to do something. Then, if it is a
major program and it involves major expen-
ditures, it will again go through the usual
Government channels in respect of
decision-making.

But, on the whole, as I see it, and as we
succeed in developing a more integrated over-
all science policy then I certainly think any
operations which the National Research Coun-
cil carries out must be consistent with those
overall objectives.

I might say that I have been recently
named as a member of the Science Council,
so I should be completely knowledgeable in
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my thinking there, but on the whole there is
the fact that some of the members of our
Council are also members of the Science
Council. So, there is this overlap of informa-
tion, and I think we can work together very
closely in this way.

With respect to the Science Secretariat
there is again a very close co-ordination. We
are in almost daily contact. Of course, the
role of the Secretariat is somewhat different
from that of the Science Council, but we do
have frequent consultations in an endeavour
to work together towards common objectives.

Senator Connolly (Ottawa West): Does the
Science Secretariat work under the direction
of the Science Council?

The Chairman: Not yet.

Dr. Schneider: The Science Secretariat
works in the Privy Council office, and pre-
sumably reports to the Prime Minister.

[Translation]

Senator Bourget: Dr. Bonneau was speak-
ing, just now, about pure research and applied
research. While reading the report submitted
by the Canadian Engineering Institute to in-
dustrial organizations, I notice on page 10 the
mention that Canada spends ten times more. ..
and the United States and Sweden are men-
tioned—in this report of the Canadian En-
gineering Institute, the committee of which
Dr. Bonneau was a member—it was recom-
mended that more money be given to applied
research than to pure research. Could you
give me your opinion?

Professor Bonneau: Mr. Chairman, I think
this is the meaning of the question: Senator
Lang had set the problem, it seemed to me,
in a way which led to believe—and this is
how I understood his intervention—that the
Council had done much more, and nearly
exclusively, research in the so-called pure
sciences. I have tried to show that the situa-
tion was much larger than that, and that
there had been much research, in certain
cases, on the applied side; but this applies
solely to the Research Council, to its activities
in the laboratories, and to the subsidies it has
granted across Canada, especially in the uni-
versities. The fact remains that the basic
problem is perhaps not there; but, what has
been set forth remains, in the industrial
sciences,—legislation by the federal govern-
ment to promote development in industry. We
could have laboratories which will supply
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many ideas which we would later carry out to
their usual development. If our legislation
—our policy—is not such that these ideas can
be developed in our country, as in the two
examples I have mentioned, these products
will be found again on a foreign market, and
we will buy them there.

This percentage of 13 per cent, which has
not changed since 1959-1963, and which will
not change until 1977, is very symptomatic of
our structure, where development was car-
ried out in Canada—with a few exceptions.
This is the general idea of the report you
mention and which had given rise to discus-
sions on the efforts to be made, especially in
research and development—and more par-
ticularly the development aspect, which is
usually carried out in local laboratories—per-
fecting, market research, production prob-
lems and problems of introduction on the
market, with consumers’ reaction. This is
how, for example, we have succeeded in pro-
ducing a better egg-beater than we had
before and in selling it on the market. The
whole industry grows with this kind of con-
tinual technical input.

Senator Bourget: Does this situation mean
that the financial aid, which is granted to
research, is not large enough on the industrial
side?

Professor Bonneau: Many people will say
so. Is this the key to the problem? Personally,
I would not say so. There are many other
fields referred to in the brief—mot just this
one. Money might have been used to advan-
tage, perhaps, in promoting research in
industry. We might also have put to good use,
in Canada, the results of successful research
conducted by neighbouring nations rather
than promoting our own. There is a whole
structure to be built. We are beginning to
recognize the real problems. Ten years ago,
people were crying in the wilderness. Today
we recognize the problems, we are able to
cope with them. I feel that the brief to which
you allude and the present brief are both
heading in the same direction.

Senator Bourgei: In the Glassco Commis-
sion report, reference was also made to a
certain aerospace company which had not
received financial assistance or that it was not
adequate enough to our industry to continue
in research. This is why I raise the following
question. Is financial aid to industry, that is,
financial aid extended for pure research,
inadequate?
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Professor Bonneau: I do not know whether
the question is applicable as regards subsidies
for pure research; I would say no. The basic
fact is that pure research must be subsidized.
There is no way of constructing a good,
autonomous, autochthonous technology with-
out that basic reserve of scientists who know
something about metals and other matters
important for technology. But above this
foundation, a structure must be built; in this
respect Canada at the present time has next
to nothing. But when we look at the field of
pure research we can be rather proud; we no
longer have the right to hold reservations
regarding our efforts in research, efforts
which are highly interesting and autonomous
in Canada. It is in the small sectors, or per-
haps an average sector, that the question
arises and yet it might be admitted that
Canada is perhaps not too badly off in this
area. But, on the level of research and de-
velopment in industry, the picture is much
grayer, if not black.

[English]

Senator Grosari: Dr. Schneider, I am sure
that you and your associates appreciate the
fact that in this committee we, by our terms
of reference, are concerned largely with the
mechanisms of the making of science policy
by the central government. From the evidence
we have had this would seem to involve the
two main questions of science in policy and
policy for science. You have answered some
questions on the first part, but I think Senator
Aird’s concern, in its broadest terms, is whom
the politicians should listen to.

I say that because we are talking of deci-
sion-making. There is decision-making at all
kinds of levels. The National Research Coun-
cil has made a very substantial policy deci-
sion in what you call the main operational
agency in the science area. I am not criticiz-
ing your decision; I am merely saying that as
I understand it your decision seems to be a
policy decision in this main operational area,
that of the sums available to you of, say, $120
million, leaving out the Medical Research
Council, $45.8 million goes into intra-mural
research, $51.4 million into R. and D in uni-
versities, and $6.1 million into support for R
and D in industry. I am suggesting that this is
a policy decision.

I wonder if it will, in the future, meet the
problems that have been raised if the Nation-
al Research Council continues to be the poli-
cy-making body in this area. As a layman
looking through your projects, hundreds of
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them, I could not tell you what most of them
are, they are in technical language. I am
sure this applies to the ultimate decision-
makers at Cabinet level. How do they know
that some of these things are not errors or
ill-advised? This is one part of the question.

If the National Research Council is not to
make these decisions, who is? You have said,
of course, that these things are discussed with
the departments, with the Science Council
and with the Science Secretariat, and no
doubt many others, but are not you usurping
a policy-making decision in doing these
things? I am not saying you should not usurp
it. My point is that the decision-maker in a
society such as ours has to be a political
entity which has to take the responsibility. If
any of these projects of yours prove to be,
say, ill-advised, some politician may get his
head chopped off. This has happened in our
political experience in the last few years.

My first question therefore is: can you tell
me how you would suggest this input of
science into policy-making could be carried
on in a more efficient way than it is at the
moment? In relation to that question I hope
that Senator Hays will give you some horrible
examples, which I would like to hear you
comment on, of things that happened in the
department when he was minister. He told us
in this committee of things that were utterly
absurd, a waste of public money—and he
used that term—and he said he could not stop
them as minister. We asked him why and he
said, “Well, the civil servants told me they
would be here a long time after I had gone.”

Senator Connolly (Ottawa West): That is no
longer true.

Senator Grosart: I am not worried about
the past really; I am just taking this as an
example. Obviously you have had to fill a gap
over the years.

Senator Aird: We are worried about the
present.

Senator Grosari: I am worried about the
future, because this is our job in this commit-
tee. You, as I understand it, suggest to the
Government what should be science policy,
how it should be made, and how it should be
controlled. Can you suggest to me from your
vast experience how the National Research
Council can fit into this or where it should fit
into this?

Dr. Schneider: This is a very big question,
and a very important one. I have some
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thoughts on it, but first I would like to let Dr.
Tupper reply.

Dr. Tupper: Mr. Chairman, I think we
must distinguish here between the making of
a policy and the implementing of it. Senator
Grosart has read off the sums of money being
spent in certain sectors, and I think the
implication of his question is that the Nation-
al Research Council took the decision as to
what fractions of this total money should go
into each of these sectors. This is not the case.
The sectors have been identified, in many
cases years earlier, as sectors worthy of fed-
eral support, so that money has been allocat-
ed to these programs. In the case of industrial
research assistance programs, it dates from
1962, and is not as old as university support
programs, or other programs which are quite
varied and which are described as intramural
programs.

Senator Grosari: May I interrupt you? I
was interested in noting that in the case of
the industrial assistance program you went to
Cabinet, gave them certain advice, and wait-
ed until they got an order in Privy Council.
Do you do this with a large percentage of
these programs? Why did you pick out this
one to go to the Cabinet?

Dr. Tupper: I cannot answer the question
as to why that was picked out to go to Cabi-
net. I was not with National Research Council
at that time. Dr. E. W. R. Steacie, the presi-
dent at that time, has died and only he could
have answered that particular question. The
point I am making is that in general the
proposals of the council are put forward
through their minister to the Treasury Board,
and they have to compete for the funds avail-
able. The decision as to how much will go to
the National Research Council, and, indeed,
how much will go into each of these individu-
al programs is not taken by the council. It is
taken by the cabinet committee known as the
Treasury Board, and they take the decision in
preparing the estimates which are tabled in
the house. They consider the importance of
these activities in their own minds. When it
comes to the implementation of the policy as
to whether Professor X should get a grant for
his work in physics or Professor Y should get
a grant for his work in biology, this comes
within the terms of reference and the
capabilities of the Council.

I think honourable senators will be
interested in knowing that there is a profound
change going on at the present time in the



process of decision making and the allocation
of funds. This goes by various names; it is
generally called program planning and budg-
eting. Here all the things that the federal
Government does are confined into a fairly
small number of sectors, relations with coun-
tries abroad is one sector, defence is one sec-
tor, economic measures is one sector, social
measures is one sector. I believe there are
less than 10 of these altogether. Decisions as
to allocation of funds may first be made by
sector, then the individual sector is broken
down by various programs of activity. This is
going on at the present time, so that decisions
as to how money is spent on science are not
made by the National Research Council until
many more important decisions on the rela-
tive importance of programs have been taken
by the government of the day.

This perhaps has not disposed entirely of
the senator’s questions, but I think it is fair
to state that on science policy, so far as NRC
activities are concerned, the arrival of the
Science Council or Science Secretariat is a
fairly recent event. The council has each year
to take some action and to exercise its re-
sponsibility, always recognizing that the
minister carries the ultimate responsibility
for the spending of this money. To this pres-
ent date any indication as to the relative
importance of things or the formulation of an
overall science policy has not emerged from
the Science Council. We have still to be re-
sponsible for our ongoing activities on the
basis of our own judgments. This is a ques-
tion to which one could speak at very great
length, and I will be happy to amplify my
remarks if it is necessary.

Dr. Schneider: I would add something to
this; there are a number of areas where we
have separate parliamentary votes. For exam-
ple, industrial research comes under one par-
ticular vote; university research and scholar-
ships comes under another. When you speak
about decision making, this must be kept in
mind. We cannot, when the votes are estab-
lished, make decisions involving the transfer
of money from one vote to another. As Dr.
Tupper explained the programs are present-
ed, the case is made, and there is decision
making which is outside the council. Once
these votes have been established, we have to
make decisions within these votes, and we
have to take the responsibility of making the
best use of this money.

Senator Grosarit: I am not too concerned
with the fact of decision making within the
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science area by the National Research Coun-
cil, but I am concerned with the first phase of
science policy making by a government, that
is the input of science into the broad deci-
sions as to policy. I wonder, for example,
who took the political responsibility for these
broad funding decisions or whether the politi-
cal decision makers knew it was going to
wind up in this breakdown of $45.8 million,
$6.1 million, $51.4 million between in-house,
industry and universities, because a minister,
Mr. Drury, is now saying this breakdown is a
serious problem. In a speech he made recent-
ly to the Chemical Association in September,
which I think summarized the problems of
the Government on policy making, he said:

I suppose the most fundamental ques-
tion to be answered is what level of
research effort the nation should
support—

And the second is:

...the distribution of the scientific effort
between basic and applied science.

We are in the year 1968, and a minister,
despite 50 years of experience with National
Research Council says “We now have to find
the answer to the vital questions of govern-
ment science policy.”

It is rather interesting what he says about
distribution of our scientific efforts between
basic and applied science. He describes it as:

...between the generation of a new
knowledge and the practical application
of the vast pool of scientific and technical
information which already exists. At
present, our overall science effort is
preponderantly—

And here he is talking of the whole national

effort—
—in the research area whereas develop-
ment activity which is the immediate
precursor of commercial exploitation con-
stitutes only 37 per cent of the total. For
a nation whose industrial development is
still in the evolutionary stage, it would
seem that greater emphasis should be
placed on the exploitation of technology
and our research effort should, in the
main, be directed toward supporting this
objective.

Now, you have endorsed this in your brief,
and in those of your speeches which I have
read. But again I come back to this question
of how do we or how should this committee
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recommend that this bridge be crossed
between the input of science and political
policy making. I don’t readily see the answer
when I see the minister going on to say the
third big problem is the allocation of our
scientific effort as between the public and
private sector, and then that we may need a
specialized agency within the Government.
The next one is the role of the Government
laboratory. Most of all of this is directly con-
cerned with the role of the NRC in this future
complex of political policy-making.

The minister refers to the Engineering
Council recommendation, and then comes
back to what he calls the most fundamental
question. He is talking of the industrial front.
He says the most important policy question is
the financing of industrial research and devel-
opment by public funds and the most effec-
tive means of applying those funds.

Can you comment on the role of the NRC
in the future, in helping the decision makers
to answer these questions?

Dr. Schneider: This is a very broad prob-
lem and one that will always be with us. For
example, decisions on how much money
should be put into basic research and how
much into applied research, and so on.

As far as industrial research is concerned,
the Department of Industry also has been
involved and we maintain very close contact
with them.

The big problem is, what is the best way?
We obviously have a problem here. We want
to promote and encourage more industrial R
and D, and more industrial innovation. The
industries apparently are not able to do it
themselves, they need some kind of help,
some kind of incentive. What is the best way
to do it?

There are several programs and I think it
is clear now that these are not going to be
sufficient, that more has to be done.

Therefore, the first step is to review what
we are doing. What are the problems? Why
are they not effective? What more is needed?
What kind of program? Certainly, a tax
incentive program is one way of doing this.

Also, it comes up time and time again, that
there is no use in doing a lot of industrial
type research in Government laboratories or
universities if the industries are not there to
take it up and exploit it. Ultimately, this has
got to be in industry, so we might say per-
haps that we should in the first instance try
to encourage more of this in the industrial

laboratories and then they are in a position
immediately to exploit it.

What kind of programs do we need for
this?

We must do more comprehensive studies
than in the past. We have started on this and
will be working with the Department of
Industry on this.

We need to look at this whole question very
seriously, as to how we can promote and
encourage this kind of development in
Canadian industry to build in more advanced
technology, because if they do not involve
themselves with more advanced technology
now, they will be in trouble and lose out, and
that may mean getting a certain amount of
secondhand imported technology from out-
side, but we will not be leaders in anything.

I consider this has to be one of our most
urgent problems at the present time. This is
not an easy problem. It is not so much a matter
of what we spend in fundamental research
and applied research but rather how we can
get some of this activity into industrial
laboratories, to be undertaken by industry.
University laboratories, Government labora-
tories, can give a great deal of backup
assistance on that, but when you get into
project development, innovation and exploita-
tion, this is best done in the industry.

Senator Grosari: I can specify examples I
am concerned with in this. Taking this $51.4
million which has gone to the universities,
here we are in an area of political decision.
We decide that post secondary education is
not “education” for constitutional purposes. I
am not criticizing that decision. But this is a
sensitive area.

You decide to put about half your money
into support of universities. I do not criticize
this, but I say “Are you not treading on dan-
gerous ground when you assume the responsi-
bility of making this kind of decision?”

Dr. Schneider: Again, let me correct this,
because the funds that are voted for extra-
mural support of universities research and
scholarships is an entirely separate Vote, a
separate program, and has to be assessed on
its own merits. Once money has been
approved for this, this money can be spent
only for these purposes. So, this is not a
decision of the Council. There are a lot of
other factors.

The Chairman: You are really at the begin-
ning of the decision-making process when you
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apply to Treasury Board for the approval of a
certain program. In other words, whereas
ultimately your programs have to be
approved by Treasury Board, by the Govern-
ment of the day, and by Parliament, at the
beginning you do have much to say as to the
allocation of resources.

Dr. Schneider: When we submit the Esti-
mates, and since this is an external support
program, we make the case on the basis of
demonstrated need. Of course, this was also
the policy not only of the federal Government
but of provincial governments as well, to
strengthen and build up universities, so that
we would have more trained manpower.

I should point out that we support only
graduate research: we are not concerned with
the undergraduate programs.

The growth of the universities has been
such, and the number of students has been
such, that there had to be this escalation in
this program, because we still had a continu-
ing shortage of manpower.

We have come to a stage now where we
have to look at this. Unless there are many
more opportunities opening up in industrial
research and applied sciences, there may not
be the same justification for the kind of
increases we have had in the past.

Senator Grosari: I am not making any
objection to the support you have given to
universities, in any way, shape or form. But
what would be the answer, if the question
were raised: “Why are the respective propor-
tions of public money going into these three
main sectors in Canada so different from that
in other countries?” For example, we are the
lowest of all the OECD countries in public
founding of industrial research, I understand.

Dr. Schneider: I mentioned this before, and
perhaps we should understand the particular
situation in industrial research. Beyond that,
I should say I do not think the comparisons
with other countries should be taken too
literally.

For example, this is a country with tremen-
dous national and natural resources, so natu-
rally the first step is to develop these—and
this is why we have research in the Depart-
ment of Agriculture, in the Department of
Energy, Mines and Resources, in the Depart-
ment of Fisheries, in the Department of
Forestry and so on. There are tremendous
natural resources to develop. Of course, this
kind of development would not be the kind
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that industry would normally do by itself, so
we have a lot of Government research and
Government departments specifically related
to development of natural resources.

Many other countries do not have these
resources so you do not find these research
departments in other countries. This explains
to a large extent why we have in this country
relatively more research on a percentage
basis in Government laboratories than in
some other countries—that, together with the
fact that we have so little research in
industries.

This is the picture here. We have certain
problems, as you know. We have many
foreign-owned companies, subsidiaries of par-
ent companies, where they have been able to
import quite a lot of technology. This, if you
like, explains the past pattern but I do not
think any one of us would agree that this is a
proper or appropriate or acceptable pattern
for the future.

Senator Grosart: I notice the suggestion has
been made that a realistic role for the NRC
might be confinement to this area of basic
research or pure research, whatever you like
to call it. I see you anticipated this, in the
closing paragraph of your brief. Would it not
make sense for the NRC now to assume this
specific role, obtain a grant from Parliament
for pure research, and confine itself to this?

I do not necessarily mean that you have to
work in isolation, as you suggested here, but
in co-operation with others. If the NRC took
on this one such function, would this make
sense?

Dr. Schneider: In my view, no. If this came
about it would be pretty hard to justify the
existence of the NRC at all because, while it
was not true in the past, we now have some
very strong research laboratories and univer-
sities doing basic research. Therefore, why
have an institution which concerns itself only
with basic research in a government estab-
lishment? Even though we do a certain
amount of basic research—and this is really
to back up the applied research programs
that we are carrying out and to enable us to
have an awareness of front-line science so
that we can do a good job in the application
of science and be aware of new opportuni-
ties—you have to have some activity in front-
line science. It seems to me the real strength
of the Council would be in bringing all these
together and taking an overall view of the
needs of the country. The co-ordination and
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development of programs in the directions we
want would then follow.

Senator MacKenzie: Mr. Chairman, I
should just like to correct one impression that
Senator Grosart gave. He made frequent ref-
erence to the Council supporting universities.
Now, as a former university administrator,
our quarrel with the Council was that the
universities did not get anything from the
Council. It all went to specific research or the
training of manpower. We did not get
enough, naturally, even though we did try in
the early days to get, I believe, 15 per cent,
or whatever it was, but without much
success. It is better now. However, I think it
should be clear that this is not in the report
of universities on the operation of science.

Senator Grosart: I was taking the statement
at its face value; Appendix M, page 2, item 6
reads: “Support of R & D in Universities,
$51.4 million”.

Dr. Tupper: The Senator should read the
word “partial” in front of the word “support”.
The National Research Council’s support is
never complete support. This is even more
true in the industrial sector, as you may have
read. This is a shared-cost program, and I
think the senators would be interested to
know that during the first five years of the
Industrial Research Assistance program, some
of the funds allotted for it lapsed. In other
words, more funds were made available by
the National Research Council than industry
could take up.

Senator Grosart: What

today?

is the position

Dr. Tupper: We have essentially run out of
funds during the present fiscal year so we are
in approximate equilibrium.

Senator Grosart: What percentage of re-
quests last year for industrial assistance had
to be turned down because of the lack of
funds?

Dr. Tupper: Last year there were none due
to a lack of funds. However, this fiscal year
we have had to defer some decisions until
later in the year, or until we know precisely
the closing balances.

Senator Grosart: Is a minister of technology
the answer?

Dr. Schneider: Many countries are experi-
menting and have various structures of this
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kind. I do not think that any country has
found the right solution. These are very diffi-
cult areas. You have many things to put
together here, and I think that certainly if
what we call indigenous science were put
under a minister of technology it would not
come off too well. We do have a department
of industry which has been attempting to play
the role of a minister of technology. Of
course, there are various other forms this can
take. I do not think this question can be
answered.

Senator Phillips (Rigaud): I should like to
add to Senator Grosart’s question on that
point. Would Dr. Schneider say how many of
the OECD countries have in fact ministers of
science and technology. I just wish a rough
idea.

Dr. Schneider: They vary. I believe several
European countries have something which is
similar to a minister of science and technolo-
gy, but in most of these countries education
comes under the federal Government. There-
fore, there is a minister of education, and the
ministry of education supports university
research. The build up of indigenous science
to train manpower in research very often
comes under the minister of education. This
is a continuing support program which, in
addition, can also include applied science
projects which can come up through various
ministers or through the minister of technolo-
gy. This would perhaps provide funds for
projects in universities and industries and
other laboratories. This is, of course, supple-
mental, and as far as the universities are
concerned, perhaps an additional amount
over and above what is supplied by the
minister of education could be allotted.

In Canada, of course, we do not have a
minister of education to perform this function
therefore this kind of structure would not
work.

Senator Grosart: May I make a suggestion?
It refers to the guidelines prepared by the
steering committee. Naturally when we
receive a brief we look at the guidelines to
see what has been incorporated. There are
quite a number of questions that we asked
that are not answered in your brief. I agree
that you must have latitude as to what you
are going to answer and what you are not
going to answer.

On page 9 we asked you to describe the
process whereby various types of programs
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and projects are selected, initiated and moni-
tored. For example, what role do other feder-
al agencies or units play in this process, and
how are priorities established between pro-
grams and projects, and in what terms are
priorities expressed and supplemented? My
suggestion is that perhaps you could take a
few case histories and trace for us the deci-
sion-making process. They are all decisions
along this same line, that is, the decision to
initiate, the consultation with others and the
clearances all the way up to the time they go
to the Treasury Board. I believe it would be
very helpful if you would give us one or two
cases as examples because some of us are
wondering, when we look at this tremendous
list of projects, how the decision was made to
undertake them. I am not being critical in
any way; I am just seeking information. If we
could have a few case histories it would
illuminate this whole matter. Thank you, Mr.
Chairman, and Dr. Schneider.

Dr. Schneider: You would like us to pre-
pare this information for your committee?

Senator Grosarit: Yes, in terms we could
readily assess.

Senator Cameron: Mr. Chairman and Dr.
Schneider, I agree, after observation, that it
arises out of the question asked by Senator
Lang about the amount of commercial reve-
nue. In effect, it has come out of patents
developed by the National Research Council.
I think it is very important that we have this
answer, and I will give an illustration in the
following way. If you go to the western prai-
ries and talk about the work of the rust
research or the work that was done by the
NRC on frost resistance and wetness with
which western farmers are familiar, it is not
too difficult to sell them on the need for sup-
porting this type of thing.

The point I am making arises out of Sena-
tor Lang’s question. I would appreciate a
number of illustrations such as work done by
the NRC and how it is translated into eco-
nomic terms. It would make it much easier
for the Government to get funds and for
industrial firms to allocate funds, as well as
making it less complicated for the public to
understand where their money is going. I
think this is a very important question.

The next question I have—and I suspect
others have the same doubt—is about the role
played by the Science Secretariat in relation
to the Science Council. Now, if I can make a
clear distinction, I think the Science
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Secretariat operates on a political level rather
than on scientific level. The Science Council
makes the policies, and the Science
Secretariat advises the Privy Council, and, of
course, it has a larger role, keeping an eye on
what is happening in other countries; but
would you define, very briefly the role of
these two institutions, the Science Secretariat
in relation to the Science Council?

Dr. Schneider: First of all, on the first part
of your question, we have, in the report we
presented, just given a few examples of the
kind of thing you are talking about. One was
the rapeseed problem, the answer to which
was developed in conjunction with the
Department of Agriculture by our Prairie
Regional Laboratory in Saskatoon, which is,
as you know, now a multi-million dollar crop.
Of course, one could try to estimate some of
the economic aspects. It is, of course, still
expanding. It involves also the whole edible
oils industry, so it is at least possible to do a
partial cost-benefit on this kind of thing. But
there are other areas where this becomes
very difficult. For example, you develop a
small modification of an aircraft in our
laboratories. This goes into use. Certainly,
this could involve a multi-million dollar situa-
tion, but it becomes much more difficult to
separate out this part of it from all the other
economic considerations.

On the question of the relationship with the
Science Secretariat and the Science Council, I
am not sure that I am competent to say very
much about this. I think this is a matter
which is frequently under discussion, but I
really have no expert knowledge on what the
relationship is or what it should be, as far as
the Science Council and the Science
Secretariat are concerned.

Senator Cameron: We have top scientists in
the country on the Research Council. Why
could not a committee of that Council. ..

Senator Connolly (Ottawa West): On the
NRC?

Senator Cameron: Yes—advise the Privy
Council? I am not clear as to the necessity for
these other bodies.

Dr. Schneider: This takes us back through
history. At one time our Act stated specifical-
ly that the National Research Council was to
advise the Government, among its other
duties, and when the Science Council was set
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up this was removed from our Act, the think-
ing being that since we are an operating
agency, the Science Council not being an oper-
ating agency, but a purely advisory body, the
two functions should be separated, and this
was the distinction made at that time. So, at
the moment although we will certainly give
advice when we are asked for it, we do not
have the duty to advise the Government.

On this whole question of decision-making
with respect to science matters, I think at the
present time we do require some kind of cen-
tral focus within Government which, I think,
has to be at Cabinet level, where these ques-
tions can come up, where decision-making
can be focussed; and it also means they
would require probably a committee or one
man who would require some research help. I
think we have lacked this kind of focus. Of
course, we do have the Privy Council com-
mittee on Scientific and Industrial Research,
which is composed of a number of very busy
ministers. I think this is really the problem,
that Cabinet ministers are very busy people,
and many of these questions are very
involved, and unless someone has the time to
study these, it is very difficult to make
decisions.

Semnator Aird: Do you have a recommenda-
tion as to how the Cabinet might be best
advised?

Dr. Schneider: I do not think I have a
recommendation. I think this is really a mat-
ter for Cabinet to work out. I think that,
certainly, as a result of the considered delib-
erations of this committee it will become
apparent how complex these problems are,
and also perhaps indicate some sort of struc-
tures which would give this kind of focus for
decision-making.

Senator MacKenzie: Could I ask a personal
question, one not particularly relevant but
interesting? Dr. Khorana received a Nobel
award recently. Would you not think that
Canada could possibly claim, with India and
the U.S., some of the prestige that generated,
in view of the fact the work for which he
was given that award was started and carried
a fair way in Canada?

Dr. Schneider: I think this is a case of a
very able man who was at the time working
at the British Columbia Research Council. ..

Dr. MacKenzie: At the university too.

Dr. Schneider: ...Not at the university. But
I think that at the time he very much desired
a post in the university. Apparently, none
was available, and the environment there in
which he was working was not the best.

Dr. MacKenzie: We wanted him, but he
could not come.

Dr. Schneider: Dr. Khorana did most of the
important work which led to the Nobel prize
while he was in Vancouveer.

Dr. MacKenzie: On that campus!

Dr. Schneider: And, of course, the work
that he has done subsequently at Wisconsin
has been a further elaboration of this, but all
the important work was done while he was
here for about eight years in Canada. It is
unfortunate we could not have made it profit-
able for him to stay.

Dr. MacKenzie: If I could explain that in
his terms, it was not because there was not a
post available and it was not because there
was not money available for him to carry on;
these had been assured. But he felt that he
had pretty well exhausted, for him, the pos-
sibilities in British Columbia, and it was
time, in his development and career, that he
went to another environment in another
place.

[Translation]

Professor Bonneau: Mr. Chairman, may I
return to the first part of the question regard-
ing the way in which national scientific poli-
cies might be oriented towards local or
regional problems?

The Chairman: Yes.

Professor Bonneau: I feel that the subject
is an extremely important one and one which
at present should be introduced very explicit-
ly within the legislative system; I do not
know whether I should expand on this—but,
right at the moment, it is a very important
issue.

In the brief, reference was made to two
cases: the Atlantic provinces and the French
universities, but I realize that the problem is
much wider than that.

Reference was also made a little while ago
to research conducted by the National
Research Council in the Prairie provinces.
Here is a clear example of a local project
which can readily be measured in terms of
output as we are now able to observe and



54

evaluate the crops resulting from our experi-
ment. But I should like to suggest that per-
haps your committee could also assess the
importance of our scientific policy on, let us
say, the location of laboratories attached to
certain departments. I am thinking of Agricul-
ture, the Defence Research Board and several
others which have laboratories across Canada.
These laboratories first provide an input for
the local economy. When there are 1,000 pers-
ons working in one of these laboratories, the
national economy is notably affected; in many
cases, as we have just mentioned, the region-
al economy is greatly boosted as well.

In addition to a national effort towards the
solution of the major problems confronting
Canada, I feel that the country would benefit
from a scientific policy—something the gov-
ernment also seems to desire—by which, ref-
erring ‘to the scientific effort of a national
laboratory, federal laboratories would deal
with regional problems. In this way, I feel
Canadian scientific efforts might be remarka-
bly strengthened; if not, political disputes
which could erupt in Canada might, in cer-
tain cases, destroy a major part of our scien-
tific work, if this work were not already
spread out across the country.

At present, in a number of instances, we

might say that research is being carried out
in Ottawa but not elsewhere.

I feel here that if we included -certain
guidelines in our development policy regard-
ing the establishment of laboratories, an
important step would be taken towards the
strengthening and promotion of Canadian
scientific achievement.

Senator Bourget: Have their not been
efforts to decentralize research, to incorporate
research into our Canadian university system
as Dr. Schneider mentioned a little while ago?
Has their not been a more marked effort to
assist research in our French universities, for
example? Have laboratories been specially
established? Has more general financial
assistance been given to French universities?

Professor Bonneau: I do not feel that we
can reply in the affirmative to this question if
we mean that the projects were financed
because they emanated from French universi-
ties. We lately had a project in mathematics
at the University of Montreal. The Council
simply chose this department in the Universi-
ty of Montreal because it was considered one
of the best in Canada and because the Univ-
ersity of Montreal had a viable programme
which could be developed.
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My suggestion was not entirely along this
line but concerns a level which, although
national, would have regional implications,
that is, would require an effort, as the Coun-
cil has done, to recognize regional problems—
for example, in Halifax and Saskatoon, the
problems of fisheries and crops—where
laboratories have important inputs. There is a
way of doing the same thing for almost all
the areas in Canada.

Senator Bourget: At the present time, do
you have a programme for the area with
which we are concerned?

Professor Bonneau: I should not like to
venture any details today as the projects are
still in the drafting state and many facts have
yet to be accumulated; this cannot be done
overnight; the area must welcome the project
and bring it to a successful fruition and often
this is an enormous problem.

[English]

The Chairman: I think that this is an
appropriate time so to adjourn. I know some
people have appointments, and they also have
to eat. We will resume at 3.30 this afternoon.

The committee adjourned.

AFTERNOON SITTING
The Chairman: The meeting is open.

Senator Sullivan: Mr. Chairman, Dr.
Schneider, my colleague from the University
of Toronto, Dean Tupper, Dr. Bonneau—I
know a few of them.

Senator Grosart asked a very pertinent
question right at the conclusion of his
remarks to you, Dr. Schneider, and before I
come to that, it is a pointed question and may
be a little difficult to answer, but as a medical
man I am particularly interested in the rela-
tionship of the Medical Research Council
today and the National Research Council.

Is there much medical research still being
conducted by the National Research Council?

Dr. Schneider: First of all, as far as the
relationship is concerned between the Medical
Research Council and the National Research
Council, as you know the Medical Research
Council was formed, or set up by the Nation-
al Research Council initially.

Senator Sullivan: Yes.
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Dr. Schneider: Up until this summer the
Medical Research Council reported through
the National Research Council, but has pretty
well functioned as an independent body and
had its own Parliamentary vote.

The Chairman of the Medical Research
Council throughout this time has been a
member also of our Council and we have had
the closest relationship and liaison with re-
spect to our programs and policies and so on.

Now, when you get to the area of let us say
biological sciences which, of course, are of
interest both to the medical profession and
also to science generally, there is always
going to be an area of overlap and this we
have sorted out amongst ourselves. Research-
ers in universities can, of course, apply to
both bodies if it is in the area which is nor-
mally supported by either of these Councils
but by and large university professors who
work, let us say, within a medical school
would in the first instance apply to the Medi-
cal Research Council.

Senator Sullivan: Not the National Re-

search Council?

Dr. Schneider: Not the National Research
Council; some of them do, but then we dis-
cuss this and we consult with the applicant
in order to iron this out.

There will be areas, you see, that are not
normally covered by the Medical Research
Council; let us take, for example, medical
engineering, where work might be done in a
university engineering school. In those cases
they may apply both to us and to the Medical
Research Council.

Now, of course, very often in this research
group there is also additional work going on
which is not necessarily medically oriented
which we would support in the normal way,
but in some cases the Medical Research Coun-
cil, if they feel this is of special medical
interest, might also consider his application,
but this is done in mutual consultation.

Senator Sullivan: Thank you; on page 3 of
your brief, Dr. Schneider, you say: “...be-
cause of the unpredictability of scientific dis-
covery new scientific advances cannot be
planned or centrally directed.”

Well, who directs it if the National
Research Council doesn’t?

Dr. Schneider: Well, I think we are talking
here about completely unoriented or curiosi-
ty-motivated research, not applied research.
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In this case you cannot decide what a man is
going to discover in advance; all you can do
is assure yourself that this is a very compe-
tent investigator, that he has some good ideas
and all you can do is then decide whether to
support him or not, but you cannot direct his
work.

Very often, of course, the most exciting
discoveries, arise by chance from things in
the course of a man’s work; he started out to
do something else but in the course of this
work when he gets probing he hits on some-
thing else quite unpredictably.

So one cannot really plan this; he makes a
proposal to us of what he plans to do and if
this sounds like a good idea and he is a first
rate researcher he will get support, but after
that we pretty well have to leave it up to him
and have confidence in him that something is
going to come out of this.

Senator Sullivan: I was going to discusss
industrial research, but I feel that has been
covered very fully.

Now, the last question you can answer, and
vou need not, is: Is the Science Secretariat
and Science Council necessary?

Dr. Schneider: Well, that is a very loaded
question.

Senator Sullivan: Well, I will load it a little
further: How was the decision re telescope
arrived at and what roles, if any, did the
above bodies play in it?

Dr. Schneider: Well, first of all, let me say
as far as the Secretariat and Science Council
is concerned I think everyone here probably
knows the history of this, that this question
was studied; this was a recommendation and
it was finally a decision by government, so I
am afraid this is something that is now here.

Their respective role I think, at least as far
as the Science Council is concerned, is to be a
purely advisory role.

I think there is probably a need to have a
body that worries about very broad general
directions and here, of course, this is a role
that has been assigned to the Science Council.

Compared to this, the National Research
Council, being an operating agency, has a
responsibility to implement programs but, of
course, this does not mean that we can oper-
ate in a policy vacuum. However, we have to
develop policies with respect to our particular
programs.

There is still a great deal of work after
there is some broad policy direction as might
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be developed by the Science Council; there is
a long road to decision making, planning pro-
grams, implementing them and developing
policies with respect to these, and this is I
think a role which the National Research
Council can play.

Senator Sullivan: What about the second
part; what about the telescope?

Dr. Schneider: Now, here I should say that
the National Research Council was not direct-
ly involved in this matter. As you know,
astronomy has been under the jurisdiction of
the Department of Energy, Mines and Re-
sources; this dates back a long time, when
we had a Dominion Astronomer and this was
an activity which was needed in support of
their various other functions, such as survey-
ing and so on.

As to how the decision was arrived at, I am
afraid I cannot answer that; I am sure there
are other people who have this knowledge.

Senator Sullivan: Thank you, Dr. Schneider;
that is all at this time.

The Chairman: Senator Hays.

Senator Hays: Mr. Chairman, and Dr.
Schneider, I would like to discuss new pro-
grams just for a minute, then I would like to
ask a few questions about new and old
programs.

The Department of Agriculture with which
I had something to do for a short while until
the people decided that I should not be there
any longer, had three pretty costly research
programs. In my opinion as a layman I
thought there had been sufficient research
done and that these programs had outlived
their usefulness.

One of those programs had to do with the
use of buffalo as food for human consump-
tion. We had a station at Manyberries, where
we were crossing domestic cattle with buffalo.
Thousands of acres of land were involved in
this.

Anyone who knows much about the buffalo
knows he has little beady eyes, that he can
kick backwards, sideways, frontwards, that
he has all his weight in the front end and that
he doesn’t take kindly to domesticating. He is
a poor contributor. We have known all these
things, and when we had 50 million we got
rid of them and didn’t restock.

A buffalo has to be crossed with a domestic
bull because the female comes with the hump
on her back and calf bearing is difficult.
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This program started in 1917, and when I
became Minister in 1964 we had a lot of cat-
tle. Some were 17 years old and had not had a
calf for five years. We were still trying to
prove that there was some place for buffalo
in the diet of Canadians.

I discussed this with our research people. It
seemed to me that we should tuck it away in
a pigeonhole, that if we did find we had made
a mistake there were still buffalo and cattle
available and we could resume our research. I
don’t know how many millions of dollars this
program cost, but it must have been consid-
erable. They are all dead now and I think it is
a good thing they are. That was one program.
I am wondering if the NRC examines these
programs.

Then I would like to mention another one.
It involves feeding alfalfa and this sort of
crop to cattle. Cattle with poor stomachs have
no way of expelling the build up of gas. Their
stomachs become gassy, which results in com-
pression of the heart and ultimate death to
the animal. Any farmer who has lost eight or
nine cows in a morning learns all about this.

We still have these programs in many loca-
tions in Canada where we grow one or two
crops of alfalfa. They are also doing the same
kind of work in New Zealand, in Southern
Russia, and in the United States.

Senior officials of many departments come
in and suggest that certain research programs
be washed out because their own people have
created a problem by building up an empire
and carrying on beyond any useful period.

Another program we have is trying to select
dairy cattle through genes and chromosomes,
a program which several nations abandoned
ten years ago but which we are still carrying
on.

These are just three that I have mentioned.
I am sure that throughout the whole field of
research in Canada there must be many of
these old programs which conceivably cost
millions of dollars. It seems to me that the
research has been exhausted and that we are
on the wrong track by continuing such pro-
grams. They should be terminated and new
programs commenced. I am wondering how
we can resolve this problem.

Dr. Schneider: Well, I think this is of
course something that one can understand
how it may happen. These are rather unusual
examples you have quoted; I don’t think we
have any as exotic as this at the National
Research Council, but there is certainly an
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area here where one has to periodically do a
very thorough assessment of these programs
and what we are doing and we have done this
on a continuous basis although we were not
satisfied this is necessarily always completely
effective, the difficulty is that research direc-
tors are very busy people and they don’t real-
ly have the time to be able to go into this in
depth to try and do a complete projection and
even an economic analysis if it is possible.

So we have now deliberately built into our
organization a group headed by what we call
délégué général whose sole function will be
simply this, to analyze ongoing projects to try
to project them into the future, whether this
is the best way to tackle the problem, if the
program is getting anywhere or whether it
should be discontinued and also look at some
of the programs that have been going on for a
longer term, to see whether this program
should be either discontinued or perhaps
expanded.

This operation, which will be headed by
Dr. Leslie Cook, who has had a lot of experi-
ence in this kind of area, will be supported
by a staff and we expect to be going over all
our programs with a fine toothcomb, to try to
project these further ahead so that we also do
proper planning for these programs.

Now, occasionally you will run into areas
where there is some particular activity where
we are providing a service, whether it is
research service or with certain test facilities
we have for outside users.

Very often, of course, when one suggests
that this be discontinued there may be quite a
lot of opposition, but I think these have to be
looked at quite objectively and it may be
there comes a time when either these services
should be charged for, or perhaps somebody
else should be doing them, but certainly it is
our intent to look at these kinds of areas
very, very thoroughly.

Senator Hays: My next question: How close
are you to other programs in the world where
they can do a better job than us? It is more
important to them that they do this sort of
research and that we do the sort of research
which is economical or otherwise valuable to
us, but not necessarily as valuable as, say, to
the United States or other countries?

We have a very close relationship with
these tremendous programs. What about these
programs, one country with another country?

Dr. Schneider: Well, I may say we keep a
very close contact and relationship with
29009—33%

science in other countries. In some cases there
are some formal arrangements for this and in
others they are purely informal, but both our
staff, our various advisory committees, associ-
ate committees, and so on keep fully
informed as to what is going on in other
countries.

We will not duplicate research that is
already being done there; occasionally there
are areas where the Canadian problems are
different, and where we do have to do some
research to adapt it to our own needs, but I
would say on the whole that we are very well
informed about what is going on in other
countries in these various areas, and we do
exchange a great deal of information.

Senator Hays: Thank you.

Senator Robichaud: Mr. Chairman, Dr.
Schneider: In earlier discussions this morning
the subject of priorities came up and we were
given to understand that it is full cooperation
between the Science Council and Science
Secretariat and the National Research
Council.

Now, also I think that you mentioned that
the Council operates on a fixed budget, which
is approved by government, by Treasury
Board.

Now, I understand that from time to time
different federal departments, like Public
Works, Transport or Fisheries, will come to
the National Research Council, say Public
Works will want certain tests made on a new
design of a concrete wharf. I know one
experience which wasn’t too satisfactory; or
Transport would want research made, or tests
made regarding the effect of tide and current
for a ferry landing, or Fisheries want further
information regarding the stability of a new
hull design.

Now, after your budget has been submit-
ted, if you got such a request, say from one
of those departments, what is the procedure?
I mean, who pays for it? Is it the department
involved, or does this come out of the budget
assigned to the National Research Council?

Dr. Schneider: If I may, I would like to
refer this to Dr. Tupper, to respond to this
question.

Dr. Tupper: Mr. Chairman, this is a com-
mon occurrence. Starting many years ago the
National Research Council was, you might
say almost unique in having certain skills.
For instance, in the late 30’s we were the only
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agency in Ottawa with any laboratories or
any personnel interested in or capable of con-
ducting hydraulic model tests, tests of spill-
ways, flumes, hydraulic structures, things of
this kind.

Now, over the intervening years the situa-
tion has changed, but we still have a high
degree of expertise in this field and we do
serve to conduct experimental work where
the job originates in, let us say, the Depart-
ment of Public Works or the Department of
Transport.

The financial arrangements for this are
quite simple; we take it as a normal duty to
work in this area but we cannot undertake
something on a fixed budget where the cost
may be proportionate to the amount of activi-
ty or the scale of the operation, so there is a
procedure for using what is called a financial
encumbrance whereby one department can
make funds available to another department.
In effect, one agency serves as a contractor to
the other agency, and is reimbursed not
necessarily for the whole of the cost, but for
the open ended portion of the cost.

For example, we have worked with the
Department of Energy, Mines and Resources
and with the Department of National Defence
on aero-magnetic survey work. This involved
the flying of an aircraft and hence, depending
on the number of miles flown by the aircraft,
we would use up so much gasoline, lubricant,
ete.

In such cases there is a cost that is propor-
tional to the activity. We can be reimbursed
from the financial encumbrance but not for
the entire cost of the work, as we will have
met a large part of it out of our own appro-
priation.

Senator Robichaud: A further question, Mr.
Chairman: Now, in the case of, say where a
department of the federal government or a
provincial government might be involved, or
even private industries like in the extraction
or separation of minerals, for example, has
the Council been asked in the past to take
over such research?

Dr. Tupper: Mr. Chairman, we do under-
take work for private companies or private
individuals on a contract basis. This is a rath-
er exceptional activity; it is mentioned
specifically in our Act as something that we
may, and perhaps should, do.

Normally we do not like to get our staff
heavily involved with what you might call
proprietory knowledge, that is where the cli-

Special Commitiee

ent is paying all of the cost and he gets all of
the rights to use the knowledge. If a patent
comes from the work, since he pays the full
cost he can claim the patent.

We can therefore get ourselves in a situa-
tion where we might have let us say, engi-
neers interested in the separation of pulp
from water in the paper-making process
where these engineers would find they were
unable to talk to any company in Canada
except the one for whom they were working
and all the others would be literally fenced
out of the laboratory, because the research
personnel couldn’t distinguish in their minds
between the knowledge which their client or
customer had paid for and that knowledge
which you could say was the possession of the
Crown by virtue of research work done
which was funded by the appropriation.

We do, however, undertake work of this
class, particularly where we have special
facilities; for instance, the National Research
Council has almost all the major wind tunnels
in Canada. These have been made available
since the early 1930s to the aircraft industry
of Canada. The firms pay for work done in
them. Had we not had these facilities there
would have been a situation where every air-
craft company might have had to provide its
own facilities over the years. Many companies
have come and gone. We have had Fairchild,
Nordyne, Vickers—many aircraft companies
that at one time were most prominent have
subsequently disappeared from the scene,
either by going out of business or through
take-over and amalgamation.

Now, had it been necessary to provide with
federal funds wind tunnel facilities for all of
these companies we would perhaps now have
a collection of obsolete wind tunnels strewn
all across Canada from Vancouver to
Montreal.

As it is, the federal Government has con-
centrated its collection of these facilities in
one agency. The day may come when this is
no longer wise policy; however, this is the
policy at this time. Much of the work that
comes to NRC from industry is due to the
possession of a unique research facility, such
as a wind tunnel.

Senator Robichaud: Thank you.
The Chairman: Senator MacKenzie.

Senator MacKenzie: Mr. Chairman, most of
the questions I had in mind were covered by
Senator Lang and Senator Grosart this morn-
ing, but I would just like to emphasize my
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own concern for the translation of the results
of basic research into applied research in the
fields of industry and commerce, because it is
in this area that I think we are, as you have
said, weakest.

It is understandable in a sense, because of
the nature of our economy and our industries.
Our economy and our industries are so simi-
lar to those of our neighbour, the United
States, that it seems almost natural that we
should copy what they have already pro-
duced, assuming that they have done the
research and have tried it out on two hun-
dred million people, as it were, so that we
can save ourselves all the bother and cost and
all the rest of it.

Despite that fact I do think it is one, and
should be, one of our major concerns, as you
have indicated in your report and your sum-
mary of your report.

In this connection I was very much
interested in the statistics in Chart 2, in
which you indicate that by 1973 you expect
that there will be of the order of 11,500
Ph.D.’s at work; that 70 per cent of these will
be in the universities; only 13 per cent in
industry; and 17 per cent in government.

Now, I suspect that the majority, or the
largest percentage of those in the universities
will not necessarily be engaged in teaching,
because there is likely to be a plateau in
respect of the increase in student enrolment
over the next five or six or ten years, but I
would expect, and this is the question I put
to you, whether I am correct in assuming that
a goodly number or these Ph.D’s in the
universities will actually be engaged in basic
and some near applied research work of their
own in the laboratories that the universities
provide and only the necessary numbers in
the actual teaching of undergraduates and
other graduate students?

Dr. Schneider: In reply to that I can only
say at the present time there are.virtually
none in the universities who do not do some
teaching, in other words who are doing
research full time and not doing any teaching.

I think there are a few very unusual cases;
I think on the whole, virtually all of the
people in universities doing research also do a
fair amount of teaching and the projections
are that with the growing student enrolment
they will need more and certainly I would
say at the present time there are no plans
that would set up large research institutes in

a university where people are doing simply
research full time and not also engaged in
teaching.

I think the other matter you raised about
this question of transfer of research results to
industry is a very serious one and one which
not only the National Research Council, but
the universities are very much concerned
with.

If you are going to get a lot of this transfer
there has to be first of all fertile ground in
industry and there also has to be a much
closer inter-relationship and communication
between these sectors. This is something we
are endeavouring to promote, all of the uni-
versities are endeavouring to promote.

This will certainly help, but I think unless,
as I say, there is a fertile ground in industry
that there is sufficient research and innova-
tion activity so that they are receptive to this
it is going to be very, very difficult. This is
I think one of the problems that we have to
face up to and try and find ways and means
of improving the situation.

Senator MacKenzie: One of the illustra-
tions of what I have said about the number
of Ph.D’s in universities for teaching was
brought out a couple of months ago in the
opening of the Frank Forward Building for
Mining and Metallurgy at the University of
British Columbia, where I gather that staff
almost equals the student body, not at the
moment, but it does provide a very high
number of staff to students.

The explanation of this, of course, is that a
lot of research is being done and will be done
in that building.

Dr. Schneider: That is perhaps one of the
exceptional cases and I might say that this
has a history, a very interesting one. They
have been doing a fair amount of contract
research for industry and I might say very
successfully and they are continuing this as
part of the university activities.

So there may be some researchers there
who are not immediately involved in teaching
functions. I think this is not a large activity
and I think this is virtually the only depart-
ment at UBC that is so engaged.

Senator MacKenzie: Yes, I hope so, anyway
in one sense, but a specific question, if I may,
along these lines: If a person is full time
employed on a provincial research organiza-
tion can he be given assistance by the Nation-
al Research Council for personal research that
he is carrying on on the side?



Dr. Schneider: This has been an area that
has caused us some difficulty. For some years
now there has been a modest grant from the
National Research Council to the provincial
research councils; we have not been too
happy with this part, because it was so
modest that it didn’t really make much differ-
ence to really give them the kind of help that
they wanted. Since most of these councils
were tending to do some very applied work
and some contract work and so forth, they
needed to build up a core of scientific exper-
tise within the organization to back up this
kind of activity, and this is what these
modest grants were intended to do.

Now, of course, they would like to get more
support; we are studying this at the moment.

The kind of thing that is being discussed,
for example, is that perhaps if they come up
with project proposals, very important proj-
ect proposals which may make an important
contribution locally to an important problem,
that perhaps we could look at this and see if
we cannot help.

The Chairman: I would hope, however,
that the National Research Council would not
start a new system of shared programs.

Dr. Schneider: No.

Senaior MacKenzie: This question, howev-
er, had to do with assistance from the
Research Council to an individual outside his
work, his provincial organization; he is con-
ducting some research more or less on his
own initiative?

Dr. Schneider: No, this would normally not
be considered.

Senator MacKenzie: I think I understand
that it is not at the moment being considered
or supported.

The Chairman: Are there any supplemen-
tary questions?

Senator Robichaud: Mr. Chairman, I have a
supplementary regarding Chart 2. Now, if you
take the examples that are shown on this
chart and convert them to actual figures: for
example, from 1964 to 68 it shows 1,900
Ph.D’s to be employed by government; in
1970 they forecast 2,000; and in 1973, 1,950.

Now, my question is: Is the Council con-
templating that the government will not
increase its activities in research, or will we
remain at the present status, if the number of
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employees by government are going to
remain at the present status notwithstanding
the fact that the number of Ph.D’s will be
increasing?

How was this chart based, and what is the
basis for these figures?

Dr. Schneider: Actually there was an
sssumption and, as I say, these projections
should not be taken too seriously beyond the
present because particularly on the employ-
ment side this is of course very uncertain at
the moment.

It was the assumption inherent here that
there is a very modest increase as far as
government laboratories are concerned, but
even these are already out of date, because
with the present cut-backs the block that is
shown here, for example, for next year may
come down practically fo nothing. Certainly
there would be nothing foreseen at the present
time which would involve a very large
expansion.

Senator Sullivan: Mr. Chairman, if I could
interfere, isn’t there a possibility that indus-
try would take over an increased number in
the future, in spite of what has been said?

Dr. Schneider: Well, this is the hope, but I
don’t think it will come about unless some
positive measures are taken.

I think the indication we see at the present
time, if we just let things ride, is that there
will be about a hundred a year absorbed in
industry, but there is no growth and this is
the thing I think that is disturbing.

Senator Bourget: Mr. Chairman, following
that, the Chart No. 1 indicated Ph.D output to
be of some 2,500 to 3,000, but how in this
divided between scientists and engineers,
those who come out with a Ph.D as scientists?

Dr. Schneider: Perhaps I might ask
Professor Bonneau to reply to this.

[Translation]

Professor Bonneau: I do not know, Mr.
Chairman, whether I can reply to this ques-
tion. I have here a document which will
appear later on but which is not yet ready.
To a certain extent these diagrams are
extracts... This has caught me somewhat by
surprise; perhaps I could look through my
papers and reply in a few minutes.

Senator Bourget: Certainly.
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[English]

The Chairman: Before any further ques-
tions are asked I think Dr. Gauvin has
expressed a wish to say a few words and to
comment on a question which was raised a
few moments ago.

Dr. Gauvin: Thank you very much, Mr.
Chairman: I would like, if I am allowed, to
present a few comments pertaining partly to
Senator MacKenzie’s question, but also with
your permission I believe that my comments
would cut across many of the questions that
have been asked by the senators, particularly
in this morning’s session, but also this
afternoon.

These questions, gentlemen, show I think
to me at least the concern of this sub-commit-

tee with applied research and industrial
research.
Now, there is a difference between the

two; applied research, as you all know, has
very real technical, and to a certain extent,
economic objectives; whereas industrial
research has of course, the very same objec-
tives, with the additional important ingredi-
ents of free concepts, rewards and conse-
quences which are wusually absent from
applied research. These consequences, of
course, are far more than financial conse-
quences, but are social consequences as well.

Now, the question specifically in which of
course the senators appear to be interested is
the role and importance of applied and indus-
trial research in Canada, and more particu-
larly the role that NRC is playing in the
sponsoring and development of industrial
research in Canada.

Now, Senator Lang has touched at some
length on this question and has requested our
President, Dr. Schneider, to present some
case histories on the ideas initially developed
at the National Research Council which were
presented to industry, further developed at
the pilot plant stage presumably, and success-
fully exploited commercially.

This is obviously one of the important
functions of NRC; we all agree that it is. It is
almost an obvious role that NRC can play,
but I submit that because of the chain of
many links that leads from a question, usual-
ly you know that a research project starts not
with an idea, but with the question; the idea,
the fundamental work that is required to
back up this idea and slowly through the
various stages of bench scale work, technical
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analysis, computational methods of trial, then
the economic factors begin, market analysis.

Then the big decision: Are we or are we
not going to spend $2 million for this pilot
plant? Finally, the last problem, where are
we going to find a hundred million dollars to
build a commercial plant.

Every one of those links is involved and I
submit that NRC is not only a provider of
ideas, but provides assistance and facilities in
many of the links and this is to my mind as
an industrialist charged with the direction of
an industrial lab., those services, this kind of
assistance is immeasurable. It is unfortu-
nately intangible in wvalue, but I can vouch
from personal experience that I have used
virtually every one and I have a long list of
these services.

I don’t know if it is permissible, Mr. Chair-
man, to quote from personal experience but,
for example, the special emission spectro-
specialized analog computers which NRC pos-
sesses, numerical analysis, special analysis,
for example, the special emission spectro-
scope that is practically unavailable in the rest
of Canada, the techniques that enable the
process to become commercial, like the
fluidized-bed technique developed by Dr.
Gishlet, the spherical agglomeration which is
being developed now by Dr. Puddington,
which is not commercial yet, but we are quite
aware of it and I assure you we are using it.

Of course, the library information service
available is invaluable to us; systems analy-
sis; contract research is another service which
had been touched upon by Dr. Tupper
already; consulting services; advice; and all
the supporting services are of tremendous
importance to industry.

Now, I would like to give you another spe-
cific example, this one arising from the divi-
sion of building research of which I happen
to be the Chairman of the Advisory
Committee.

Sometimes usefulness to an entire industry
does not result from an idea, but ten years
ago the division was approached, again a
question, how should snow loads on roofs be
calculated? Well, that was ten years ago; the
answer was empirical; because of catastrophic
failures and very expensive lawsuits the con-
struction people were grossly exaggerating
the calculation of the engineering load.

Sixty-six actual sites were selected and
over a period of five years results began to
come in; correlations were established,



experimental correlations. At the end of five
years a very good correlation was established
showing that these empirical equations that
had been used before were grossly exaggerat-
ed, some by as much as 20 to 25 per cent.

The following five years the tests continued
to verify what had been established during
the initial five years.

Now, the net result to the construction
industry, gentlemen, was a saving in materi-
als due to this 20, 25% beyond a safe margin
of safety and it is one of the rare cases where
the returns on the development could be
assessed and the figures are impressive
because they just about cover the yearly cost
of operation of the Division of Building
Research.

Of course, the trouble in R & D as has
been mentioned by Senator Lang this morn-
ing, is at present the inability of correlating R
& D expenditures and its effect on economic
growth. The problem is an enormous one; I
think it will be cracked if we have a big
enough computer to account for all the hun-
dreds of factors involved in the equation, but
I think it will be cracked.

Now, concerning Senator Mackenzie’s com-
ment on the Ph.D programs and utilization, I
think I would like to reiterate Dr. Schneider’s
cautious statement that these predications are
based on existing conditions; they do not take
into account probable changes due to larger
programs which I think you will all under-
stand the Science Council will at least
recommend.

If these larger programs come indeed into
effect, they will absorb a greater number of
Ph.D.s than is represented on the data pre-
sented by Dr. Schneider.

Another effect that is slowly coming into
play, but it will not be felt really for another
four or five years, it is already at play in my
own industry, is that industry will take up
more Ph.D’s, but not in the rather naive way
that some people might misunderstand me,
that the Ph.D will arrive green with a degree
and will immediately move into let us say,
production; that would be a misuse of talents.

What is happening is that Ph.D’s with 10
years, 15 years of experience are moving into
positions of managerial or supervisory capaci-
ty particularly in planning functions which
fortunately is becoming more and more
important in Canadian industry, operations,
research, systems analysis, technological
forecasting.
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In our company we move them to control
positions like chief metallurgists in our plants,
chief chemists and you see in the lower
ranks of the company a greater number of
Ph.D’s. They are leaving the research and
development section and going to those, pro-
duction you might say, and other functions,
financing, marketing and sales.

They are, of course replaced at the R & D
level by new recruits. I believe that in this
way our management eventually, but this of
course is a prediction over a period of 5 to 10
years, will be upgrading in a very real way
in this fashion and management will need to
be upgraded, gentlemen, because the pres-
sures are already there. You see the fantastic
complexity of making a managerial decision;
the inability to evaluate; first of all the ina-
bility of establishing good criteria to start
with by which we can judge the priorities
which have been mentioned.

Well, all this more and more will be done
over the next 10 years by methods of math-
ematical and numerical analysis, eventually

performed on computers. The signs are
already on the wall; the are called
managerial decisions, operations research,

systems analysis; technological forecasts, but
those methods are coming to the fore and in
order to use them wisely the management in
our industries in Canada will have to be
upgraded and I firmly believe that more and
more Ph.D’s will be used for that function.

Thank you, Mr. Chairman.

The Chairman: Can I ask a supplementary,
too?

Dr. Schneider: Yes.

The Chairman: I was really surprised when
I saw these forecasts for Canada in so far as
engineers and scientists are concerned,
because I was reading a few weeks ago an
article by Dr. John Weir of the United States,
who is Associate Professor of Psychology at
California Institute of Technology. This
appeared in this book entitled The Next 90
Years, and he makes some forecasts as far as
the United States are concerned and there we
can see quite clearly by this graph that the
supply is going to be far short of the demand
in the United States, resulting in a developing
scarcity in the United States for such talents
and skills and since in most fields we in
Canada tend to follow the United States by
about 8 to 10 years it seems to me that the
same trend is going to develop in Canada;
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that is why I was really surprised to see your
gloomy forecast.

Dr. Schneider: I am sorry, I should correct
that; I am not giving a gloomy forecast and I
think I want to be very emphatic about this.
The numbers we have presented are ones that
have come out of a recent study.

Now, over a short term there may be some
variations in it; also I think one has to take
this along with the qualifications as I have
indicated, but certainly over a longer term
period I think the forecast you mentioned
will certainly be true.

Senator Bourget: Would it be true in Cana-
da, also?

Dr. Schneider: I expect so, yes. There are a
lot of new areas developing, new disciplines
and so on and, as I say, there will probably
be continuing shortages in various areas.

We have seen this, for example, in the
computer technology field; we still have a big
shortage here and you will have these
variations.

Now, that does not mean that in any one
discipline from time to time you may not get
a surplus of people but I am sure they are
versatile enough that they will be absorbed
somewhere, perhaps as I indicated even if it
is high school teaching.

The other thing that should be mentioned, I
think this has to be borne in mind too, is that
one has to also look at the undergraduate
enrolment in the sciences relative to the total
student population, let us say, and if one
looks at this certainly one can see that, and I
think this is happening in other countries as
well, the number of undergraduate students
electing the science disciplines is certainly not
increasing; if anything it may be decreasing.
So I think one has to keep all of these factors
in view.

Certainly I hope I didn’t give the impres-
sion that this was a gloomy picture as far as
Ph.D training was concerned.

Senator Carter: Could I ask another supple-
mentary on that?

The Chairman: This is a new technique.

Senator Carter: The Ph.D’s that we are
producing now in the various fields in which
they specialize, how do they match up with
the mneeds in these fields, with the
requirements?
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I mean, are we over producing biologists
and not enough physicists, or are we just
balancing each field with the requirements in
that field?

Dr. Schneider: Up to the present time we
have not had a problem; as you can see, we
have even had a shortage. It is only after
next year perhaps this may develop in a few
areas, but I think they will be relatively few.
Perhaps we may have too many nuclear phys-
icists, I don’t know, but up until the present
time there have been more positions, particu-
larly in the universities, than there were peo-
ple available.

I would like to say again, that I consider
these numbers indicate, if there seems to be a
mismatch it is not because I think that
the number of Ph.D’s we are turning out
is mismatched so much, but I think what
should be happening, particularly in the
industrial research area, is not happening;
this was really the main point of this Chart.

I rather think of this as an opportunity,
having these highly trained people available,
I think the big problem we have to face is to
make sure they are now put to good use.

The Chairman: But it seems to me that
from now on you will have to plan your
graduate training program much more than
in the past.

I was somewhat surprised to see in your
brief, for instance, that on page 10 you say
that these forecasts and analyses are based
only on preliminary studies that you have
made.

Well, as far as I know the Council has been
in this field of training for a long time and I
am surprised to realize that for all those
years there was no truly serious study of the
market and of the future demands.

Dr. Schneider: Well, perhaps in answer to
that I should say we have not done it in quite
as much detail as we are doing it now; it has
been done in the past, but this is the most
recent study we are doing, which we hope
will be published within a few months.

I quite agree with you and the point of
publishing this is that I think this is very
valuable information for the universities, for
students, as well as ourselves. And I think
these statistics, the manpower situation we
have to be aware of. From the point of view
of the student, he wouldn’t likely want to go
into an area where he thinks there might not
be very good opportunities.
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So I think, if not planning, certainly I
think this is information that should be wide-
ly known and I think there will be some
response.

I don’t think that the Council would ever
try to impose some kind of quota, or anything
like this on students, because after all this is
a university function, training people, but I
am sure that if the situation were accurately
known I think there are enough built in
checks and responses that the situation would
take care of itself.

The Chairman: Well, surely you would at
that time tend to review your scholarship
program.

Senator Cameron: This discussion that has
been going on is really directed to the train-
ing of scientific manpower and its utilization.

The question I want to have in mind, this
goes back to our terms of reference in this
Committee, to evolve a science policy for
Canada. Here we have the universities play-
ing a major role in training this scientific
manpower. They are under provincial juris-
diction; in other words, they have a council
and I am sure my friend Senator MacKenzie
will agree with me that we should recognize
that within universities there are intra-uni-
versity politics. It depends on how effective
the Dean of Engineering or the head of the
botany department may be within the uni-
versity in selling his program and getting his
share of the resources to develop his own par-
ticular department; the reason for this is that
he gets more elaborate facilities, and so on.

So we have on the one hand with every
university one is duplicating what the others
are doing. I think this is very graphically
illustrated by your statements here about
there being comparatively little in the Mari-
times vis-a-vis the other parts of Canada.

All right, is it not necessary for the Nation-
al Research Council, the Science Council, the
Science Secretariat and the universities to
evolve an overall program in which they
present a coordinated front and analyze the
very thing we are talking about here: What
are the anticipated needs in the next few
years and who is going to meet them?

That is relatively simple on the face of it,
but it has a very direct bearing on where
students will go from graduate work. If I was
a student going to graduate work, I wouldn’t
go to an institution which might have a Nobel
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Prize person heading this particular depart-
ment; if they only had this one man and a
few satellites around him, because the value
of his study would be to the extent that he
has the opportunity to associate and explore
with many scientific minds.

In other words, you need strength in depth
in each department and you see a classic
illustration of that in the aeronautical space
work at Toronto, the Neurological Institute at
Montreal, and we have been doing a fair
amount of engineering in Alberta.

In other words, it comes down to this, that
should not there be much more strength and
specialization at certain universities where
most of the work in a particular field will be
done, which means that the province is not
going to do it. Now, it seems to me, and I
could be wrong in this, that there has not
been sufficient co-ordination between all of
these bodies and it seems to me that one of
the responsibilities of this Committee is to
come up with some recommendations as to
how the full resources, our full scientific
resources can be mobilized most effectively as
a national effort, rather than as an effort of
the National Research Council, the University
of Toronto, or something like that.

Now, how can this be done?

Dr. Schneider: Certainly I think up until
fairly recently all of these things have not
been problems; we were so short of people
that the more we could get trained the better.

A lot of new universities were started and I
think it is only now that we have to start to
face up to these problems and I can assure
you that all the universities are thinking very
hard about this. They recognize the problem
and, as you know, also in some of the prov-
inces, notably in Ontario where there is a
provincial university committee trying to con-
sider exactly these kinds of problems, how
we can avoid overlap between universities
and how we can specialize to get this depth
and concentration in certain areas. To build
the kind of excellence that we hope to build,
I think we must have depth and concentra-
tion; we cannot do it if we spread ourselves
too thin and every university trying to do the
same thing.

This is well recognized by universities; it is
well recognized by our Council; we are trying
to work together with the universities to
encourage this, but perhaps Professor Bon-
neau would like to add some comment to this.
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[Translation]

Professor Bonneau: Perhaps I might simply
say that, in the Province of Quebec as well,
this type of problem between universities has
arisen and is being resolved similarly to what
has been done in Ontario. In the sense of a
co-ordination of total research effort, each
Ontario university attempts to find the spot
where it would be most useful to the regional
group. Personally, I feel that such concerted
action should be on a regional rather than a
provincial level. I am thinking particularly of
the Atlantic provinces where the concentra-
tion of effort, at least according to what is
said down there, appears to be on a regional
rather than a provincial scale.

Perhaps there are other areas in Canada
where action might be taken on a regional
basis. In any event, this effort towards con-
centration should be made at all levels of
university activities even if, at present, we do
have a government agency concerned with
research and development.

[English]

The Chairman: I am told that coffee is
served.

Senator Bourgei: Before coffee is served,
would you have any objection to Dr. Bonneau
answering my question?

The Chairman: No, proceed.

[Translation]

Professor Bonneau: Mr. Chairman, I should
like to reply to Senator Bourget by quoting
the following figures as pursuant to our dis-
cussion: in 1973, approximately 20 percent of
the total number of Ph.D degrees will be
awarded in engineering and 80 percent in the
sciences.

Senator Bourget: What is the reason for
this trend, for the fact that engineers, or
rather Ph.D’s, are found in research and
physics rather than in engineering? Is there a
particular reason for this? Is it due to the fact
that they perhaps receive less money? Or is
there a movement in favour of this branch?

Professor Bonneau: Mr. Chairman, I feel
we need a little time to expand on this
matter.

Senator Bourget: The reason why I asked
the question—and to return to what Dr. Gau-
vin said—is that the senators are interested in
seeing whether there would not be a way of

improving the situation with regard to practi-
cal research so that we might attain the
objectives for which the National Research
Council was formed in the beginning. It
suggests to me—Dr. Schneider mentioned the
fact and I was also able to read similar
comments in other publications, the Engi-
neers’ Institute, the Glassco report—that little
has been done in this respect. I do not want
to put the blame on anyone. It seems to me,
from the point of view of the economic
interest of our country, that the emphasis
should now be placed on this part of research
which would bring dollars and cents, let’s put
it bluntly, to the country. I feel it is necessary
that we have pure research as it is very
important; it is the basis, but, on the other
hand, I feel we must not forget the other
aspect, the material interest, if you will.

The Chairman: I shall give two minutes to
Dr. Bonneau.

Professor Bonneau: Thank you, Mr. Chair-
man. The question does, indeed, merit devel-
opment and this would take some time. I
shall try to be brief but I shall not do justice
to the question.

At present, in the wuniversities, applied
research tends to be set aside for what might
be called pure research for a very simple
reason: that is, the link between industry and
the university is still extremely small and, in
certain cases, nonexistent so that a research
worker in mechanical or civil engineering
will have considerable freedom in his
research. It is not easy to lead the student to
the construction site with that, but given this
freedom in applied research, we are able to
make better use of the materials we have,
even if our work is not related to engineering.
If it is not related to engineering, it would
still be basic research but in a field which is
applied. This is, I believe, the reason why
some applied research is carried out
everywhere.

We are not an industrial country. There are
whole areas in which the universities do
applied research for nonexistent industries
with the result that the projects are too
impractical. Herein lies the tragedy, I feel, if
we want to call it that.

Finally, the problem in Canada is that
there are very few industries as compared to
the industrial countries—I mention Sweden.
In Sweden there is an extremely close link
between the industries and the universities
and these problems assume a very different
form. o



Another fundamental reason, very often, is
that engineering requires much more money
and this poses a basic problem from the eco-
nomic point of view at present for certain
companies. There is a need, in Canada, to
conduct research on transportation, but don’t
try to undertake valid projects on transporta-
tion in a university laboratory; this does not
mean that university professors are not
qualified to conduct such studies, but they
require much more team work, the building
of a prototype which is extremely cumber-
some. At the present time, this work is not
really within the scope of the universities.

Senator Bourgei: Just a word, Mr. Chair-
man. I feel it is an extremely interesting
question—not just because I raised it—but
because Dr. Bonneau said that it was almost a
tragedy. Indeed, I believe it is a tragedy that
there is this kind of apathy on the part of
industry, as we discussed this morning. I do
not know why this is. I wonder if there is
enough contact between the research branch,
or the National Research Council, the univer-
sities and industry. Do discussions take place?
Are there meetings? Do we want to interest
industry as I believe businessmen are
interested in development as Dr. Bonneau
mentioned this morning—and he quoted two
examples. It seems to me that Canadian
industry should have eagerly grasped at the
opportunity. I wonder why this apathy exists?
It is perhaps not up to you to answer this
question for me but I feel that there is per-
haps some lack of liaison, or is it because
industries feel they are not adequately assist-
ed financially? Or is it because research is
concentrated in the area of pure research and
not enough in the field of applied research?
This leads me to another point that, according
to what I read in the Glassco Commission
report, of the 21 members—please note that I
do not wish to criticize any member of the
National Research Council—but of the 21
members of the Council, only three are from
industry, according to what I read, and there
is not a single economist. I wonder whether it
would not be appropriate to make a few
changes in this respect? I believe that Dr.
Schneider is proposing himself to make
changes in this regard. Now the reason I am
asking these questions is because, returning
to the words of Dr. Bonneau, it is a tragedy
that not enough importance is being given to
research and I wonder what is being done to
assist our home industries.
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[English]
—A short recess.

(Upon resuming)

The Chairman: Honourable senators, we
still have about three quarters of an hour
before dinner and I am sure that there are
still a lot of questions, so we may have to
think whether or not we shall continue to sit
this evening, or whether we should invite the
Council at another date to come back before
us.

I don’t want to make any proposal at this
time, but I want you to think about this when
you select your questions during the next
three quarters of an hour. Senator MacKenzie.

Senator MacKenzie: I just wanted to make
a comment, Mr. Chairman, because the At-
lantic provinces have been mentioned in
terms of research or lack of research that is
being done in that area.

Now, I happen to know something about
three of the provinces, in particular, Nova
Scotia where I have been Chairman of their
University Grants Committee for the past six
years, and New Brunswick and Prince Ed-
ward Island, and the fact of the matter is that
they have not got enough money in the reve-
nues of their provinces to compete in any
effective way.

The Chairman: Like the British Columbia
universities.

Senator MacKenzie: Well, they are a little
different in British Columbia; I can give you
a song and dance about that, but those in the
Atlantic provinces—

There has been a good deal of cooperation,
rationalization, or whatever you like in the
Atlantic provinces and in Nova Scotia I know
that practically all of the professional school
work and the high level research and gradu-
ate work that is at the Ph.D level is concen-
trated in one institution and something of the
same is done in New Brunswick at the Uni-
versity of New Brunswick, though the
University of Moncton I know has a program.

The Chairman: Well, I am sure, Senator
Mackenzie, that when we come to the third
phase of our inquiry we will hear from
universities.

Senator MacKenzie: But I just wanted to
throw that in at this point, sir; I don’t want
to elaborate on it. That is a fact.
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The Chairman: I am sure that you will see
to it that they will present a brief to us.

Senator MacKenzie: I hope they will.
The Chairman: Senator Grosart.

Senator Grosart: I would like to drop down
a bit from the Ph.D level to more mundane
things. There is one question that occurs to
me on that level, how valid is the Ph.D; has
Ph.D productivity significance? How valid is
it as an index of the scientific manpower
requirements?

I have seen some literature which suggests
that B.Sc.’s or M.Sc.’s or MA’s, certainly in
the industrial sector, the production in this
area might be a more important index.

Dr. Schneider: I think that is a very good
point and I had hoped that we won’t lose
sight of this simply because we happened to
put some numbers before you which applied
to Ph.D’s.

Certainly it is quite true that in any, and
particularly in applied research, perhaps
more so than in basic research, you also
require people at M.Sc. and B.Sc. level, and a
lot of these, of course, if they go in at a B.Sc.
or M.Sc. level and work in a research labora-
tory in industry, what they learn on the job
after so many years would be equivalent to a
Ph.D.

Not all of them will advance this way and
in fact I expect that the present distribution,
particularly in industry, probably for every
Ph.D there will be a certain number of B.Sc’s
and M.Sc’s.

In the more basic sciences, or longer range
applied research you will probably find that
you do use a lot more Ph.D’s, because you do
require people with research training.

There is another trend that has come about;
with the emergence of very good technical
schools and community colleges we are now
producing in this country some highly
qualified technicians and a lot of these are
now taking over the kind of thing that a B.Se.
graduate would have done in the past.

I might say most of these people are
very well trained in various specialties in the
sciences, but certainly there is a place for the
B.Sc. and the M.Sc. and probably they would
still be used in larger numbers than Ph.D’s.

But I think in the more sophisticated
research programs, I think any laboratory
recruiting a research trained man would go
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for a Ph.D. In fact, in the universities now
the PhD. is a sort of minimum; certainly in
most of the other disciplines. The Ph.D. also is
now required to get a staff appointment at a
Canadian university; you probably must have
in addition to your Ph.D. several years of
postdoctoral training.

So this has moved ahead further than per-
haps ten years ago.

Senator Grosart: You do have a program in
that field, do you?

Dr. Schneider: We have a program of post-
doctoral fellows at our laboratories and also
there is an extensive program in the universi-
ties, too.

Postdoctoral fellows, now this is if you like,
a sort of post Ph.D. training and, as I say, it
is almost mandatory in certain disciplines.

Senator Grosari: Now, if I may come back
again to the role of the NRC in future, which
as Senator Cameron points out is something
on which we are expected to report, it seems
to me that the Council has moved in to fill a
gap in this educational field where you are
now spending $51 million in the university R
& D support.

Could you tell me what percentage that is
of the total amount available to the universi-
ties in this field? How much of the gap are
you filling there?

Dr. Schneider: I think we have some num-
bers on this as a result of this study

You see, our research grants are really
grants in aid; they are not intended to pay the
whole cost, because the basic idea here is that
the university should have control of their
own programs; we will insist that they must
keep control and the university contributes a
good deal.

The percentage let us say of the total and
this includes all the costs to the university
and so on, perhaps Professor Bonneau has
some figures?

Professor Bonneau: Yes, Mr. Chairman; I
have some figures here that pertain to uni-
versity requirements for research in major
equipment and major installations.

In 1968 NRC funds supplied roughly 32 per
cent; the university funds supplied 55 per
cent roughly; the rest is everything else.

Senator Grosari: Yes, there is a big gap
there.
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Dr. Schneider: Well, these are funds that
come from other agencies; they could be fed-
eral government agencies, foundations and so
on.

Professor Bonneau: Foundations.

Senator Grosart: We hear the figure given
that the federal government is contributing
50% of the total cost of all post secondary
school education.

I presume that would take in the grants as
well, so it would seem to me that your pro-
portion of $51 million then is a very large
part of the federal government’s contribution
to university R&D.

The other figure takes in all university costs,
not just R&D. I am trying to find out how
much of this gap the NRC is filling in what
appears to me to be almost a gratuitous
assumption of a responsibility.

If we were to check this criticism, if you
like to call it that, by the Glassco Commission
and the Engineering Institute that you have
gone away from your terms of reference;
I am not saying that I agree with it, but
this is what they have said, that if you read
your terms of reference in the Act in Section
13, they interpret this as saying you should
be putting nearly all your money into indus-
trial research and that is why I say this may
be a gratuitous assumption of a responsibility.

This is what concerns me in the policy
field: Is this government policy, can you call
this government policy when you step in and
say, here is a gap and we are going to fill it?

Dr. Schneider: Perhaps I could best answer
that by going back a bit to when the Research
Council was first established.

You are quite right in saying that in our
Act there is certainly no mention of this kind
of a program. When the Council was first
established and they were supposed to under-
take and support and coordinate research,
they found that there were just so few
trained research people in the country that
the very first thing that they had to do was
provide for training for research.

This is how this program got started, way
back in 1917, or 1918, and it has continued.

Now, as I understand it, the discussions of
the federal government with the provinces
was that there was mutual agreement that the
federal government has a responsibility, in
the research area. This, of course, does not
make this a statutory responsibility as far as
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NRC is concerned, but at least I suppose it is
fair to say that this is being done with the full
agreement of the provinces.

I think that as far as the total funds are
concerned, you mentioned something like $51
million in research grants, my guess would be
that this is still quite a lot less than the
ordinary operating funds, but, of course, this
only goes to support the specific research area
and would presumably not be covered under
the ordinary operating funds of which the
federal government provides half through
fiscal transfer.

Senator Grosari: Then I am still on this
question of where the decision is made:
Would it be fair then to say that this gap
exists, and I am not in any way criticizing
your move into the gap, but would it be fair
to say that the NRC saw this gap and per-
suaded the government or the governments
that the way to fill it was to have NRC pro-
vide in this year $51 million?

Senator MacKenzie: Mr. Chairman, could I
interject a comment here, because as I
understand it what the NRC is doing in the
universities in the main 1is supporting
research and that is its function; not support-
ing the universities and not doing what you
suggest it is doing, filling a gap. It is con-
cerned with the promotion of research in
Canada and it has found the easiest, best and
most efficient vehicle through which to do it
for certain purposes is the university and if
you want NRC to recreate here and across
Canada, if you like other research intitutions
in which this work can be done, this can be
done at a cost to the taxpayer and the federal
government.

Senator Grosart: Senator, I am only asking
questions.

Senator MacKenzie: But they are loaded
questions.

Senator Grosart: I am not attempting to
provide any answers; this will be a responsi-
bility of the Committee at some time, and I
shudder to think how we are going to handle
it.

Could I ask another question, just again to
try to put the function and responsibility of
NRC in some kind of focus: We have a fig-
ure of 1.3% GNP is the total Canadian ex-
penditure on R & D. If my arithmetic is cor-
rect, that is about $800 million. Your share,
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the share that you have assumed, is $120
million, leaving out the Medical Research
Council. Where does the rest come from? First
of all, how much of the rest comes from gov-
ernment; in other words, I want to get the
percentage of the total government financial
support of R & D that comes through NRC?
Is that figure available?

Dr. Schneider: I think these figures are
available, but I don’t have them with me. I
think the figure $800 million sounds a bit
high; it is around $600 million and this, of
course, includes all federal agencies, such as
AECL, Aiculture, Fisheries, Forestry, all
federal government funds for research; it
includes a number of big departments and
other agencies.

Senator Grosart: But this 1.3 would also
include industries, wouldn’t it?

The Chairman: Yes; you get most of this
information in John Orr’s study. I think you
have a copy of it.

Senator Grosari: I have, and I have looked
at it.

Professor Bonneau: I might speak on one
answer, Mr. Chairman: In 67-68, industry will
be spending or has spent $300 million; uni-
versities, $190 million; and government, $240
million.

Senator Bourget: What is the figure again,
Professor Bonneau?

Professor Bonneau: $300 millions. $190 mil-
lions pour les universités et $240 millions
pour tous les gouvernements—pas le gouver-
nement fédéral, mais tous les gouvernements.

Senator Grosart: Yes, it was 730 million.
Professor Bonneau: Yes.

Dr. Huni: Mr. Chairman, may I interrupt:
That I think is not the funds supplied; that is
where the funds were used.

Professor Bonneau: Yes, current operating.

Senator Grosart: Not where the funds came
from?

Dr. Hunt: No, no.

The Chairman: This is the sector of

performance.

Senator Grosart: Yes, that is the perfor-
mance figures.

Dr. Hunt: And your $800 million, I think it
is fairly close, Senator, that includes capital.

If you add the capital expenditures it is
very close to $800 million.

Senator Grosart: What percentage of this is
supplied by the federal government; that is
what I am trying to get at?

The NRC is trying, one way or another, to
fill this gap and if Senator Mackenzie will
allow me...

Senator MacKenzie: I won’t, but you will.

Senator Grosari: In my theory and personal
experience it is a gap.

Dr. Huni: Senator and Mr. Chairman: I
have not the actual figures of the $300 million
that Professor Bonneau mentioned on indus-
try; a quite large proportion of it, though, is
industry itself, very little is government. It is
in the neighbourhood I think of about 75 per
cent industry; I have not the actual numbers.

Senator Grosart: And this includes the 6
million from the NRC which is, of course, a
very small part.

Dr. Hunt: Yes.

Senator Grosari: Again, I am trying to see
what is the responsibility at the moment, the
financial responsibility undertaken by or
satisfied through NRC, as a general way of
stating it.

What percentage of the total government
expenditure? Do we have that figure?

Dr. Schneider: The total government
expenditure, this is available on science. It
seems to me this is around $600 million, or a
little higher.

Let us be clear that we are talking about
the same numbers and which fiscal year; this
is 1967, 68.

Professor Bonneau: 1967, 68; I think $240
million of those and just current operating R
and D costs. I don’t think that you have capi-
tal costs included, for instance.

Dr. Huni: Mr. Chairman, may I interrupt
again. These figures are all available through
DBS; I am sorry, I use them a great deal but
I have not got them at my fingertips. They
are separate reports issued on industry and
government expenditure.

The Chairman: The latest figures are avail-
able but they are not, I think, here; they deal
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only with the intra-mural research done by
the federal government and for the fiscal year
66, 67 they amounted to $200 million.

Senator Grosart: Now, by intra-mural,
does this mean inter-departmental?

Dr. Hunt: In house.

Senator Grosart: Yes, but the federal house
is a big one. Does this include Crown corpo-
rations; does it include NRC?

The Chairman: Oh, yes.

Senator Grosart: Well, if it is $200 million
and NRC is $120 million.

Dr. Schneider: No, $45 million.

The Chairman: In 66, 67 NRC spent $37.4
million out of $200 million for in-house
research.

Senator Grosart: Oh, I see; yes, I get the
distinction.

But what I am trying to get at is what is
the total demand on the public purse for R &
D, the federal public purse?

The Chairman: I am quite sure, Senator,
that if you don’t want it in too great a hurry
that our staff can provide these figures for
you.

Senator Grosari: Yes; well, the reason I
was looking for it now is I am still trying to
fix how great is the responsibility that NRC
has undertaken.

This to me is a very, very important ques-
tion when we are going to assess the future
policy of the government in respect to NRC.

Dr. Schneider: Well, as far as the in-house
research is concerned here, I think we have
to distinguish this from extra-mural research
support.

In house as we heard the figures is 37 out of
about 200 million; it is between a fifth and a
sixth of the total federal government in house
research expenditures.

Senator Grosart: Yes, this would only apply
to 37 million of your expenditures, yes.

Dr. Schneider, in an article you wrote for
the Science Forum you make this very
interesting statement:

“Accordingly a review and re-appraisal
of the Council’s programs and policies is
now opportune and necessary. A useful
principle here is that those programs and
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policies that have been very successful
and for which there is a continuing need
should not be tampered with too much;
those that have been less successful or
lacking need detailed study.”
Have you any method, critical path or any-
thing like that, by which you assess success,
or more or less success?

Dr. Schneider: As I mentioned, I think it
was this morning, this is now getting under
way. We have set up a group headed by Dr.
Cook, which we call a délégué général, with a
staff, to go into this in detail.

I might mention that this group has no
other operating responsibilities; they will
spend full time on this and we hope to look at
these programs in detail.

The reason I think it is opportune is
because things have changed very rapidly, as
we have seen from some of the data we have
presented to you. I think there have to be
rapid changes; things are moving very rapid-
ly, and we have to look at what we have been
doing and certainly there will have to be
some decisions made about where we are
going and how we should plan for the future.

Senator Grosart: This was one of the ques-
tions that was specifically asked in the guide
lines and when I went to compare your brief
with the guide lines I notice I wrote in the
margin, no comments given.

There are one or two others, and because
we are going to have a good many other
departments before us I wonder if you would
not misunderstand this question: If there was
a failure of response to the specific questions
asked in the guide lines, if there was, was it
accidental or deliberate?

Dr. Schneider: Perhaps a bit...
Senator Grosart: I say if there was.

Dr. Schneider: Perhaps a bit of both, and I
think we did discuss this with Dr. Poecock,
because we understood that this question-
naire, if we can call it that, was of course
prepared to apply to everybody and -we felt
in some of the areas it wasn’t particularly
applicable.

At this particular point we should have
said something in it; that I think was an
accidental omission. So that, as I say, there
was perhaps a bit of both, but the intent was
certainly to provide you with all the informa-
tion; there was certainly no deliberate
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attempt to fail to respond to any pertinent
information.

Senator Grosart: No, I don’t doubt that at
all; I was merely assessing our own question-
naire, because a good deal of time was spent
on it and it does project into the future as to
the general validity of this questionnaire with
respect to those who will come before us.

Professor Bonneau: Could I enlarge a bit
on the feed back mechanism, that you asked
whether it existed in that there is a review of
all the progress which is going on. The Presi-
dent has just explained that a new post with
a staff has been set up and will be operating,
but there has been for many years another
system, which is working well in many
instances, and those are advisory committees.

For instance, in the building industry you
have architects, you have engineers, you have
building contractors, you have people from
the Central Mortgage; all these people get
together and review quite frankly and quite
critically once or twice a year, or sometimes
more often the work of a division on the
committee for the mechanical engineering
division there is a man from the shipping
industry, another one from the railway
industry, another from the aircraft industry
etc. They get together, and they work quite
hard. They ask very difficult questions of the
director of the division on the existing pro-
grams, what are the results, and other rele-
vant questions.

I don’t want to give you the impression
that all those advisory committees are equal
in ther tasks, but some of them are doing
very good work and I think that the division
which profits by the work of that committee
is quite lucky, because it does keep that divi-
sion on their toes.

Senator Grosart: I think we are all agreed
that it is very hard to stop any project any-
where in the general realm of the public ser-
vice once it has started and, secondly, I think
we are all aware that it is very difficult at
any particular time to assess the continuing
validity of a research program but, having
said that, could you venture a guess as to the
percentage of termination of projects as a
result of these reviews that have been going
on, or is this question germane at all? I don’t
know.

Dr. Schneider: If you are talking about
major programs and, of course, research is
29009—4
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not something that you can turn on and off; it
takes time to build up a research team and
then by the time they really get hold of the
problem and something comes out it may be
another five years.

Senator Grosart: Excuse me, but sometimes
when they are turned off they are on the
front pages for a long time.

Dr. Schneider: Yes, but of course with the
smaller projects, these come and go; there is
quite a large turnover but let us say for
example, as we have mentioned before, the
National Aeronautical Establishment, which
provides back-up research for the aircraft
industry; now, that is a continuing, if you
like, activity but yet there are individual
projects that come and go; projects are com-
pleted, a new one is started, and so on.

So I think some of these methods, review
methods that you have referred to, are not
always applicable to some of these individual
activities.

The Chairman: Senator Yuzyk has been
waiting for hours.

Senator Yuzyk: My question is about the
researchers, particularly the National Re-
search Council and I have before me a
review in 1968 and I note that there are 788
scientists employed by the National Research
Council: 264 in engineering and architecture;
221, these are the largest, in chemistry; 189 in
mathematics and in physics.

My question is this: Has the staff of the
National Research Council been increasing
every year, annually? One thing.

How much of this staff is permanent and
how many of them are non-permanent? I am
particularly interested in the non-permanent
staff, that is employed for research work.
What happens to those who are employed for
a period of one or two or whatever period
they are employed for, what happens to these
scientists? That is another question.

The Chairman: Could you break it down?

Senator Yuzyk: Am I asking too many?

The Chairman: Yes, I think so.

Senator Yuzyk: Well, it is all in the same
line.

I notice a large category and I don’t know
how many of them there are in this category,

post doctorate fellows. Now, there are quite
a number of them and a large proportion of
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them are out of Canada, I noticed that. What
happens to what I call the non-permanent
staff; what happens to these people? Are they
employed by industry in Canada or by uni-
versities once they leave the National
Research Council?

Dr. Tupper: Mr. Chairman, I will
endeavour to field this question; let us start
the wrong way around, with the Post-doctor-
ate Fellows.

This is a program designed by Dr. Schneid-
er’s predecessor once removed, Dr. Steacie,
shortly after the war, to accomplish two pur-
poses, the first to provide a core of young,
energetic scientists who wouldn’t grow old on
the job so that you would have a definite
fraction of youth continuously in your spec-
trum, even though you were not growing or
had not reached a steady state where people
were retiring at one end and coming in at the
other. These men are given a small stipend;
currently it is $6,000 a year for a single man
and $7,200 for a married man, which is
income tax free. The normal appointment is
for one year and it may be renewed for a
second and thereafter they disappear from
our establishment, except that we occasional-
ly take one of them om to our regular staff.
So much for Post-doctorate Fellows.

Of the remainder of the staff, the National
Research Council is perhaps unique in hiring
a large fraction of its employees using term
appointments. The original term is usually for
one year or for 18 months and if the
employee’s services are satisfactory subse-
quent term appointments are for three years.

I think at the present time we probably
have about 80 per cent of our total staff on
three year term appointment.

There is, however, the circumstance that
since the end of the second world war, while
there have been a few periods of time when
there was a shrinkage, by andlarge the
strength and size of the National Research
Council has grown with time; it has indeed
spawned whole organizations like the Crown
company, Atomic Energy of Canada Limited,
which up until about 1952 or thereabouts was
a portion of the National Research Council.

So that, although we have many three-year
term appointees, there has been no cut-back
in work of a major nature that has required
us to release these people because their jobs
have disappeared. Term appointees may be
let go because their services are found to be
unsatisfactory, of which they are given plenty
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of warning before such termination actually
takes place. I think it is perhaps unreasonably
assumed by our staff that an NRC term
appointment is just as secure as an appoint-
ment “at pleasure,” although from the strict
documentary facts of the case this is not so; it
is a three-year appointment, and unless it is
renewed it would terminate.

Senator Yuzyk: Is there an attempt made to
place these researchers after they have com-
pleted their term? After they have completed
their project or whatever they have been
working on what hapens?

I am particularly interested in those who
are non-permanent; what happens to these
scientists, where do they go?

Dr. Tupper: Mr. Chairman, to avoid any
possible misunderstanding, the PDF’S are
with us for one or two years and then they
are released. In the market that has existed
during the last few years one did not have to
assist in placing the PDF’s; there has been
more demand for persons with doctors’
degrees in universities and elsewhere than
there was supply, so there has been no prob-
lem of this kind.

With the employees of our Council general-
ly who have the three-year term appointment.
These appointments have normally been
renewed. These employees are not with us
just three years and then out. They have nor-
mally had continuing employment through
term appointments which were renewed
every three years.

Senator Yuzyk: A supplementary question
please, regarding bachelors; I notice that there
are bachelors, 140; masters, 165; and doctors,
493. Are these with Bachelor of Science
degree, I imagine mainly: Are they employed
for just a term, or are some of them perma-
nent also?

Dr. Tupper: Mr. Chairman, there is no
simple quick answer to that; in some of our
laboratories the work is of an applied nature
and we hire engineers as well as physicists,
chemists, biologists. Many of the engineers
have only bachelors or masters degrees and
do not have doctors degrees. The doctor’s
degree in engineering until fairly recent
times was quite uncommon, so that to some
extent that division by degrees is also a divi-
sion by discipline in that the 140 I think
would be quite predominantly engineers rath-
er than physicists, mathematicians or
chemists.
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Senator Grosart: Mr. Chairman, a supple-
mentary question: Would Dr. Tupper relate
his answer to Appendix L to give us a sum-
mary of Appendix L, which is headed, For-
mer Scientific and Engineering Staff Who
Now Hold Significant Positions in Other
Areas of Activity.

This obviously does not apply only to part
time employees, but to me it is a very
impressive appendix.

Dr. Tupper: Yes, Mr. Chairman; although
we have three year term appointments I
would think that in general we have had
many people who have come to the Council,
worked there for X or Y years and X or Y
might be three or fifteen and then have
moved on to other positions; they have gone
into the universities, they have gone into
industry, they have gone into other places.

I myself was one of these; I was outside the
National Research Council for a 15 year peri-
od. Mr. Pocock, one of your staff here, was
one of these. There are many people who
have served with us. I like to use the word
“alumni”, for these people are mostly
employees who have left of their own accord
and not just because their term was up. They
have moved on to many other places.

This is but a partial list. Naturally it is a
loaded list. We have picked from those who
perhaps have made more of a mark than oth-
ers, but it is a very incomplete one.

There is a normal turnover rate of about
6% with our scientific staff, and since we
have about 800 this means that there are
about 50 a year leaving naturally. As a conse-
quence, over a twenty- or thirty-year period,
we have collected quite an alumni association.

The Chairman: Senator Carter.

Senator Carter: I would like to follow up
with a supplementary: Dr. Schneider men-
tioned the importance of technicians and that
we are getting now very highly trained tech-
nicians, who could take over very advanced
work.

29009—4}

I think I read somewhere that a scientist
who is directing a project needs at least four
good technicians to be able to produce satis-
factorily. I am just wondering how is the
NRC fixed for technicians? What ratio do you
have, or do you have a ratio, do you employ
them on a ratio basis? Are these technicians
under contract to the Council, or are they
full time?

Dr. Schneider: No, we don’t employ them
on any kind of formula, but solely in res-
ponse to need.

The number of technicians working, say,
with each research scientist will vary depend-
ing on the nature of the work. For example,
someone who is doing mainly theoretical work
perhaps wants somebody to help with some
computational work and that is about all.

On the other hand, in the applied sciences
and particularly in engineering, where you
have a big facility, you are operating a wind
tunnel, let us say, you need quite a number
of technicians to keep this going, so it varies
depending on the kind of work.

Now, as for actual statistics, it varies from
about .68 technicians per scientist to about
4.33; this is going, let us say, from chemistry
to mechanical engineering, which has, let us
say, around 4 technicians per scientist. So it
does vary.

The terms of employment are very similar;
this is again on the term basis.

Senator Cameron: On behalf of the mem-
bers of the Committee, I wish to express our
very deep appreciation to the delegation for
their appearance and courtesy in answering
the very heavy barrage of questions. I feel it
has been a very productive session.

The Chairman: I was going to do the same
thing; thank you very much, gentlemen.

Dr. Schneider: Thank you very much.
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SENATE OF CANADA
SPECIAL COMMITTEE ON
SCIENCE POLICY

GUIDE FOR SUBMISSION OF BRIEFS
AND PARTICIPATION IN HEARINGS

Introduction

Part I of this guide is for the assistance of all
organizations or individuals intending to sub-

mit briefs. Part II describes information
required from agencies of the Federal
Government.

Part I: General Guidance

1. 1. Contents of Submissions

Briefs should deal with the subject matters
which fall within the scope of inquiry of the
Committee, as contained in the attached
Order of Reference (Appendix A). This Order
of Reference, and any other relevant material
which may be made available by the Commit-
tee, should be carefully read before briefs are
prepared.

To make submissions to the Committee as
useful as possible and to facilitate the Com-
mittee in obtaining a full understanding of
the views put forward and recommendations
made, the following points should be borne in
mind when preparing the briefs:

(a) Factual information should be
included tending to substantiate the con-
clusions put forward, the views ex-
pressed and the claims made.

(b) Recommendations should be made
as specific as possible, putting forward
concrete proposals indicating whether
and what action should be taken, what
form the action should take, and how the
proposal could be implemented in
practice.

(c) The brief should be prefaced by a
summary of the main conclusions and
recommendations.

(d) Brevity is recommended in the
main body of the submission. Those pre-
paring briefs may, if desired, submit
relevant evidence in appendix form.

(e) In the case of associations and
organizations, the briefs should include
information on the personnel, objectives
and nature of the group.

I. 2. Format of Submissions

Briefs should be double spaced with con-
secutive paragraphs numbered, on foolscap
(8” x 14%). The name and address of the
association, organization or person submitting
the brief should be clearly indicated. Where
organizations and individuals wish to appear
at the hearings, the names and addresses of
those who will represent the organizations or
of the individuals should be stated.

The curriculum vitae of all those intending
to participate in the presentation of the brief
and the subsequent discussions must be
attached to the brief.

I. 3. Number of Copies of Submissions

The Committee requires fifty (50) copies of
each brief. It is suggested that copies in
French be provided. Organizations and others
submitting briefs may wish to have available
additional copies which they can pass on to
the press and other interested parties.
Although each organization is responsible for
the distribution of its brief, the Secretary will
distribute it to the members of the Parlia-
mentary Press Gallery upon receipt of an
additional 95 English-language and 35
French-language copies.

1. 4. Presentation of Submissions

The full texts of the submissions, ordinarily
will be taken as read. At the hearings, partic-
ipants will be asked to summarize the infor-
mation contained in their submissions as well
as their conclusions and recommendations.
They are free to elaborate orally and present
arguments. Persons appearing before the
Committee may be questioned directly by
members of the Committee on the material
submitted in their briefs and the recommen-
dations put forward, but they will not be
subject to examination or cross-examination
by other persons.

I. 5. Exhibits at Hearings

Participants are permitted to introduce at
the hearings supplementary information and
material in written form. These will be
known as exhibits.

1. 6. Transcripts of Proceedings of Hearings

The proceedings at the hearings held by the
Committee will be recorded and printed.
Copies may be purchased from the Queen’s
Printer. Reports of the Committee’s proceed-
ings are supplied at reduced rates when
ordered immediately following the Committee
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sitting. A limited number may be obtained
without charge on application to the Secre-
tary. (See 1. 8. below)

I. 7. Confidential Character of Submissions

Submissions made to the Committee will
remain confidential until released, the release
date being the day on which the organiza-
tion’s representative appears as a witness. In
the case of briefs supplied but not presented
at the hearings, the release date will be at the
discretion of the Chairman.

I. 8. Contact with Senate Committees Branch

Information concerning the activities of the
Senate’s Special Committee on Science Policy
(e.g. proceedings of the hearings, etc.) may be
obtained from

Patrick J. Savoie,
Secretary,

Room 369-E,
Committees Branch,
The Senate,

Ottawa, Ontario.
Telephone No. 996-1272

Also, all briefs and exhibits should be sent to
the Federal Government

PART II: Specific guidance for agencies of
the Federal Government

II. 1. Introduction

All departments, boards, crown corpora-
tions and other organizations (hereafter
referred to as agencies) under the jurisdiction
of the Federal Government are asked to sub-
mit briefs if they expend funds for scientific
activities. Appendix B defines ‘“scientific
activities” and other terms.

II. 2. Content of Submissions
Briefs should contain any information,
comments or counsel considered relevant to
the inquiry of the Committee in view of the
Committee’s Order of Reference (attached as
Appendix A). As well, the Committee requests
information regardin the following:
2.1) Organization—Supply text or dia-
grams regarding the following:
a) Organizational block diagram of agen-
cy showing main units such as divisions
and sections. Indicate those units con-
ducting or funding scientific activities.
b) Block diagram, when appropriate or
necessary, indicating Parliamentary re-
porting channel (s), formal connections

to other Federal agencies, advisory com-
mittees, etec.

¢) Block diagram indicating the organiza-
tion of units (e.g. divisions, sections, task
forces, etc.) responsible for scientific
activities.

d) Description of formal agreements
regarding scientific activities between
agency (or one of its units) with organiza-
tions outside of Canada including foreign
governments or their agencies.

e) Information concerning overseas offices
of agency dealing with scientific affairs.

2.2) Organizational functions
a) What are the agency’s statutory func-
tions and powers regarding scientific
activities.
b) What organizational policies have
evolved (e.g. regarding the implementa-
tion of (a)) that could be considered to
define your agency’s “policy regarding
science” or “science policy”.
c) Taking (a)) and (b)) into account,
briefly describe the organization’s func-
tions and responsibilities in relation to:
i) other Federal agencies
ii) industry
iii) educational institutions
iv) international representation and the
monitoring of scientific activities out-
side of Canada
v) other

and describe the process whereby these
are achieved or honoured, citing cases-in-
point if appropriate or necessary.

d) Describe the process whereby your
operational effectiveness, duties and goals
are reviewed and revised.

e) Describe any outside studies commis-
sioned (during the last five years) to sug-
gest improvements of agency’s operating
procedures.

f) Comment on the relationship between
the agency’s responsibilities and powers,
and its activities and programmes.

g) What have been, what are currently,
and what do you foresee as being the
major hindrances to the effective perfor-
mance of your functions, the honouring
of your responsibilities and powers.

h) What major changes in organization
functions are forecast as probable or
desirable during the next five years.
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(2.3) Personnel Policies
a) What steps are taken to identify and
hire those members of universty grad-
uating classes who will be the most
effective researchers for your organiza-
tion.
b) Have any unique criteria been devel-
oped (or any research initiated to devel-
op criteria) to help identify those who
will be creative and effective researchers.
c¢) What steps are taken to identify those
members of the staff with high potential-
ity as research administrators.
d) What distinctions are made between
administrators of research and research-
ers as such; for example, regarding pro-
motion, salaries, etc.
e) What is the policy regarding intramu-
ral and extramural education for staff
members conducting or administering
research.

2.4) Distribution of activities
Some agencies expend funds on scientific
activities in many regions of Canada.
These are requested to give information
and advice regarding the following:
a) The regionsl pattern of agency’s spend-
ing (intramural and extramural) on scien-
tific activities (e.g. by province).
b) The regions, if any, particularly suited
for certain scientific activities.
c) Activities carried out, on an annual
basis during the last five years, to assist
in the investigation of regional problems
of phenomena.
d) The role of your agency in contribut-
ing to regional development.
e) In your experience, the cost and bene-
fits of regional distrbution of your scien-
tific activities and the necessary condi-
tions for this distribution to contribute to
regional development.

2.5 Personnel associated with scientific
activities
Note that the following information is
required for each of the units conducting
scientific activities mentioned in Section
241). e)s
a) Current personnel establishment and
people on strength by category of person-
nel. (Indicate the number of guest work-
ers, staff-on-loan, post-doctorate fellows,
ete)

b) Number of above professional staff
devoting most of their time to adminis-
trative duties.
c) Tabulated information regarding
professional staff associated with scien-
tific activities (divided into three catego-
ries according to degree level—i.e. bache-
lor, master, doctorate).
i) Country of birth
i) Country in which secondary educa-
tion taken
iii) Country in which university degree
taken (bachelor, master, doctorate)
iv) Number of working years since
graduation and number of years
employed in present organization
v) Average age
vi) Percentage able to operate effective-
ly in Canada’s two official languages

d) Total number of professional staff in
each degree category for each of the
years 1962 to 1968 inclusive and estimates
for each of the years 1969 to 1973.

e) Percentage of turnover of professional
staff in the three degree categories for
each of the years 1962 to 1967.

f) Percentage of current professional
personnel who, since graduation, (i) have
been employed by industry at one time,
(ii) have been on the staff of universities,
(iii) provincial departments or agencies,
or (iv) other Federal agencies.

g) Number of staff in each degree catego-
ry on education leave.

h) Number of university students given
summer employment in the field of scien-
tific activities for the years 1962 to 1967.

2.6) Expenditures associated with scien-
tific activities
Where appropriate, please use definitions
given in Appendix B.
a) Total funds spent by agency on scien-
tific activities broken down into the fol-
lowing categories:
Functions: (i) intramural R&D, (2) data
collection, (3) scientific information, (4)
testing and standardization, (5) support of
R&D in industry, (6) support of R&D in
universities, (7) support of higher educa-
tion in engineering and science. Give Pri-
mary function (if applicable).
Scientific discipline: (1) engineering and
technology, (2) natural sciences: (a)
agricultural sciences, (b) astronomy, (c)
atmospheric sciences, (d) biological
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sciences, (e) chemistry, (f) mathematics,
(g) medical sciences, (h) oceanography, (i)
physics, (j) solid earth sciences, (3) social
sciences: (a) anthopology, (b) demogra-
phy, (c) economics, (d) political science,
(e) psychology, (f) sociology. Give pri-
mary, secondary and tertiary discipline
(if applicable).

Areas of application: (1) nuclear energy,
(2) space travel and communications,
(3) war and defence, (4) agriculture
(inc. fisheries and forestry), (5) con-
struction, (6) transportation, (7) tele-
communications, (8) health, (9) indus-
try, (10) underdeveloped areas, (11)
economic and fiscal policy (national and
international), (12) regional develop-
ment, (13) social welfare and social
policy, (14) educational techniques and
policies, (15) administration, (16) other
(please identify). Give primary and
secondary areas if applicable.

Above to be tabulated for each of the
fiscal years 1962-1963 to 1966-1967, esti-
mates for 1968-1969, and projections for
the five fiscal years beginning 1969-1970.
b) Operating and capital funds expended
by the units described in (2.1 c.) (e.g. divi-
sions, sections, etc.) for the fiscal years
1962-1963 to 1966-1967 inclusive, estimates
for 1967-1968, and five year forecasts for
fiscal years 1969-1970 to 1973-1974.

¢) Funds expended to further professional
university education of staff for each of
the fiscal years from ’62-63 to ’68-'69
inclusive (e.g. costs of educational leave
to take higher degree, payments to cover
costs of taking courses at local
universities).

2.7) Research Policies
In the following, the term “project” is
used very broadly to describe a distin-
guishable discrete research activity; this
could range from scientific research
orientated to extend the range of under-
standing of one item within a particular
discipline to an interdisciplinary research
and development task. The term “pro-
gramme” is used to denote a planned
goal-directed scientific activity requiring
more than one “project” for its accom-
plishment. In other words, it is through a
series of related “projects” that a “pro-
gramme” is conducted.

a) Units concerned with intramural

research activities

1) Describe process whereby various
types of programmes and projects are
selected, initiated and monitored (e.g.
what role do other Federal agencies or
units play in this process).

2) How are priorities established between
programmes and projects and in what
terms are priorities expressed and
implemented.

3) Are network methods such as Critical
Path Network or Programme Evaluation
and Review Technique (CPN or PERT)
used to plan and monitor programmes
and projects; briefly list current exam-
ples of such use.

4) What uses have been made during the
last five years (and are being made cur-
rently) of contracting out projects in sup-
port of intramural programmes. In what
sectors have these contracts been let (cite
cases-in-point).

5) What are the policies regarding the
funding of extramural research pro-
grammes in the universities and industry.
How are they related to the policies gov-
erning intramural programmes and to
other Federal agencies.

6) In a changing technical environment it
becomes necessary at times to shift
research resources from one programme
(possibly even terminating it) to a new
programme. By what process is this done
and describe any current difficulties.

7) How are intramural and contracted
extramural research results transferred to
those having potential need of them (e.g.
industry, other government agencies or
universities).

b) Units exclusively concerned with
extramural research activities

Some units’ sole activity in the field of
the Committee’s concern is the funding of
extramural scientific activities.

1) Describe process whereby various
types of programmes and projects are
accepted for funding and describe what
relation these factors have on the accept-
ance process:

i) Previous record of achievement of

unit or individual requesting funds

ii) Nature of proposed project

iii) Policies of granting agency
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2) How are priorities established between
programmes or projects.

3) How are projects monitored and the
results evaluated.

4) How are priorities implemented in the
allocation of resources to programmes or
projects.

5) Are network methods such as CPN or
PERT used to plan and monitor pro-
grammes or projects; briefly list current
examples of such use.

6) In a changing technical environment it
becomes necessary at times to shift
research resources from one programme
(possibly even terminating it) to a new
programme. By what process is this done
and describe any current difficulties.

7) How are extramural research results
transferred to those having potential need
of them.

8) What percentage of funds available to
the agency for the support of extramural
scientific activities were actually expend-
ed during each of the fiscal years '62-’63
to ’66-'67.

9) What percentage of the total funds re-
quested from the agency were in fact
granted in each of the fiscal years '62-'63
to '66-'67.

2.8) Research Output

The previous items have been concerned
with “inputs” to research activities and
the state and manner of organization of
the research process. The following items
refer to the research “output” and it is
understood that such measures have limi-
tations. Please give brief details regarding
the following for each of the years 1962
to 1967 inclusive:

1) Patents arising from research activi-
ties. Number of licences granted and
value of resulting production in Canada
and elsewhere.

2) Books or journal articles arising
from research activities.

3) Reports issued from agency and units.
4) Conferences or other means used to
transfer information regarding the results
of a project or programme to extramural
groups.

5) That means for the transfer of scien-
tific and technological data obtained from
countries outside Canada, to extramural
groups.

6) Individuals who had the opportunity
to train themselves in specialized fields
whilst employed with you and subse-
quently left and made important contri-
butions to their field.

7) Research teams that have arisen in this
period and who have unique and valued
abilities in important fields.

8) Unique or valuable research tools,
facilities, or processes added or devel-
oped during the above period.

9) Details concerning the impact of your
scientific activities and research output
on the advancement of scientific knowl-
edge and Canadian economic develop-
ment.

10) Any other measures or indications of
research output.

2.9) Projects

1) For each unit responsible for scientific
activities, (intramural or extramural), list
the titles or other brief descriptions of
projects which were conducted during
each of the years from 1962 to 1967 inclu-
sive. Indicate projects that are part of an
overall programme and briefly describe
the programme.

2) Present case histories of what you con-
sider as the most significant completed
projects of the last five years. These
should be selected as exemplars of what
are considered to be the results of the
agency when operating in its role with
maximum effectiveness; in other words,
examples of what the agency considers
among its ‘“best work”. The projects
selected, when possible, should be pre-
sented under the broad categories of “ba-
sic research”, “applied research”, and
“development”, and it is suggested that
no more than five are to be singled out in
any one category.

2.10) Organizations mot currently en-
gaged in scientific activities

The Special Committee on Science Policy
was constituted to consider and report
upon those agencies of the Federal Gov-
ernment directly engaged in scientific
activities. The Committee was also
charged with recommending a science
policy for Canada and is of the opinion
that any government policy related to
science must take some account of the
effects of science on all governmental
functions including those of agencies or
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units not engaged in scientific activities.
The Committee, therefore, invites all
agencies under the jurisdiction of the
Federal Government to include in their
briefs comments as to the effects of scien-
tific activities on their own operations
and in particular, to comment on the fol-
lowing items:

1) Forecasts of the effects of changes in
technology on the agency’s operations,
functions and responsibilities during the
next 5 to 10 years.

2) Studies of possible improvements in
the agency’s effectiveness due to new
scientific or technical developments.

3) The type of scientific or technical
advice sought during the last five years;
the source of this advice.

4) Future plans determined by, or desig-
nated to take account of, recent scientific
and technical developments.

APPENDIX A
SENATE OF CANADA

Special Committee on Science Policy
27th Parliament

ORDER OF REFERENCE

That a Special Committee of the Senate be
appointed to consider and report on the
science policy of the Federal Government
with the object of appraising its priorities, its
budget and its efficiency in the light of the
experience of other industrialized countries
and of the requirements of the new scientific
age and, without restricting the generality of
the foregoing, to inquire into and report upon
the following:

a) recent trends in research and deve-
lopment expenditures in Canada as com-
pared with those in other industrialized
countries;

b) research and development activities
carried out by the Federal Government
in the fields of physical, life and human
sciences;

¢) federal assistance to research and
development activities carried out by
individuals, universities, industry and
other groups in the three scientific fields
mentioned above; and

d) the broad principles, the long-term
financial requirements and the structural

organization of a dynamic and efficient
science policy for Canada.

That the Committee have power to engage
the services of such counsel and technical and
clerical personnel as may be necessary for the
purpose of the inquiry; and

That the Committee have power to send for
persons, papers and records, to sit during
sittings and adjournments of the Senate, and
to report from time to time.

That the said Committee be authorized to
print such papers and evidence from day to
day as may be ordered by the Committee.

That the Committee be composed of the
Honourable Senators Aird, Argue, Belisle,
Bourget, Cameron, Desruisseaux, Grosart,
Hayes, Kinnear, Lamontagne, Lang, Leonard,
MacKenzie, McCutcheon, Phillips, Sullivan,
Thompson, and Yuzyk.

APPENDIX B
Some definitions

1. Scientific activities comprise all activities
concerned with the creation or acquisi-
tion of new knowledge in engineering or
the natural and social sciences, or with
new applications of scientific knowledge
to useful purposes. Five classes of activi-
ties are to be distinguished: research and
development (R & D), data collection,
scientific information, testing and stand-
ardization, and education in the sciences
and engineering.

1.1 Research and Dewvelopment [R & D]

a) Research is investigative, experi-
mental and generally original work
undertaken for the advancement of scien-
tific knowledge (i.e. scientific information
when arranged in logical systems or theo-
ries). Research is basic when it has no
immediate specific practical application
(although it may be oriented towards an
area of interest to the performer); it is
applied when it is directed towards a
specific practical application.

b) Development is the use of knowl-
edge derived from research in order to
produce new materials, devices, products
and processes, or to improve existing
ones.

1.2 Data Collection refers to the routine and
continuous collection and arrangement of




1.3

14

1.5

2. Intramural—done within the
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data on natural and social phenomena. It
includes geological, topographical, hydro-
logical and oceanographic surveys and
mapping, collection of meteorological
data, collection of social and economic
data, and the gathering and arrangement
of human, biological, entomological and
zoological specimens and data.

Scientific Information refers to the dis-
semination of scientific and technological
information, including any necessary pre-
liminary work such as recording, classi-
gying, translating or coding. Expendi-
tures attributable to this activity include
the costs of libraries of scientific and
technical publications, the costs of na-
tional patent offices and government
scientific and technical information
services, the costs of scientific con-
ferences or displays, and the costs of
publishing information acquired as a
result of some other scientific activity.

Testing and standardization refer to work
directed towards the establishment of
national standards for materials, devices,
products and processes, the calibration of
secondary standards and non-routine
quality testing, separately identifiable
from R & D, which may be required to
identify the characteristics of materials,
devices, products and processes.

Education refers to education and training
in engineering and technology or the
natural and social sciences at institutions
of higher education. The Federal Govern-
ment’s direct participation in this activity
is mainly through scholarships and fel-
lowships intended to assist students with
their educational expenses.

reporting
organization, i.e. agency or unit.

Capital expenditures—expenditures on
land, buildings and non-expendable re-
search equipment used for R&D and
other scientific activities. In the case of
multipurpose facilities, capital expendi-

tures should be apportioned between
scientific and non-scientific activities (or
between R&D and other scientific activi-
ties) on the basis of proportion of time
devoted to various activities.

4. Personnel classifications:

4.1

4.2

43

4.4 Other

Professionals: personnel with at least
one degree from a university or college
plus those without such formal qualifica-
tions who are in job classifications for
which such qualifications are normally
required, (i.e. research scientist, statisti-
cian, economist).

Technicians: technically trained per-
sonnel who assist professionals engaged
in scientific activities. Normal qualifica-
tions are certification by provincial
education authorities or by scientific and
engineering associations (provincial and
national). Also included are personnel
who do not have such certification but
who are in job classifications for which
such qualifications are normally required
(e.g. technical officer).

Workers: skilled craftsmen or unskilled
help who assist professionals and techni-
cians in their work (e.g. machinists and
electricians).

supporting personnel: adminis-
trative personnel such as clerks, typists,
accountants and storemen. (Do not
include persons only indirectly involved
in scientific activities, such as janitors,
cafeteria workers and security guards, or
persons engaged in the construction of
facilities for scientific activities.

5. Agency and unit

a) Agency is the term used for organ-
izations under the jurisdiction of the
Federal Government such as Depart-
ments, Crown Corporations, Commissions
or Boards.

b) Units denote groups (e.g. sections or
divisions) operating within an Agency.
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NATIONAL RESEARCH COUNCIL OF CANADA
(A REPORT IN SUPPORT OF THE BRIEF

PRESENTED TO
THE SENATE SPECIAL COMMITTEE ON SCIENCE POLICY)

STATUTORY RESPONSIBILITIES AND FUNCTIONS

Under the National Research Council Act (Appendix A),
the Council has been assigned a broad responsibility "to undertake,
assist or promote scientific and industrial research', and "has
charge of all matters affecting scientific and industrial research in
Canada that may be assigned to it by the[ Privy Council Committee
on Scientific and Industrial Researchl]”. In general terms the role
of the Council is that of developing and nurturing a national capa-
bility in scientific and industrial research, and of deploying
scientific research for national benefit.

In order to carry out these broad functions, and to
ensure that the Council is responsive and adaptive to changing needs
and new opportunities, a continuous and detailed monitoring of the
whole of science and engineering is essential., The broadly re-
presentative character of the Council itself, as well as a strong
cadre of advisory and associate committees, provide the Council
with the board and detailed input necessary for decision-making and
policy formulation on all aspects of scientific research in Canada.
In this respect the Council also derives a special advantage from its
own laboratories, whose staff represent a broad spectrum of scientific

expertise and maintain close contact with industrial laboratories,
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university laboratories, and other federal government laboratories.
The development and support of a strong indigenous
science requires provision for research manpower training, support
of research operations and experimental research facilities, common
research services (as for example, library and scientific information
services, scientific publications, standardization, analytical services,
etc.), research co-ordination, scientific societies, research con-
ferences and other activities which, in aggregate, contribute toward
a favourable research environment,
The research activities sponsored by the National Research
Council are intramural and extramural., In recent years there has been
greater emphasis toward extramural research support, due in part to
a rapid expansion of university research activities and in part to an

urgent need to promote and assist industrial research.

ORGANIZATION

The National Research Council of Canada consists of the
President, the Vice-President (Administration), two Vice-Presidents
(Scientific) and not more than 17 other members appointed by the
Governor in Council, The Council is a body corporate and is required
to meet at least three times a year in the city of Ottawa.

The Council is responsible to a designated minister who
is 2 member of the Committee of the Privy Council on Scientific and

Industrial Research. Mr, C.M. Drury, President of the Treasury
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Board is the present Minister reporting to Parliament for the National
Research Council. Except for the four permanent officers, Council
members are appointed for a term of three years and serve without
salary, Council members are drawn from the senior staff of Univer-
sities, Industry and Labour, with an attempt to achieve a broad base
of advice, both as to scientific discipline and regional representation.

A recent executive re-organization has provided, in addition
to the statutory Vice-Presidents, two additional senior positions and a
more functional re-arrangement of responsibilities. Areas of respon-
sibility are detailed in the organization chart (Appendix B).

The N.R, C. laboratories are now organized in ten divisions
and two regional institutions - the Divisions of Biosciences, Applied
Chemistry, Pure Chemistry, Applied Physics, Pure Physics, Building
Research, Mechanical Engineering, the National Aeronautical Establish-
ment, Radio and Electrical Engineering and the Division of Radiation
Biology, plus the Atlantic Regional Laboratory and the Prairie
Regional Laboratory. The necessary administrative services are
organized separately to take as much of the administrative burden as
possible off the shoulders of the people who are actually doing the
research, In addition, there is a vast network of committees which
are involved with advising Council as well as being active in the
conduct of Council business. This very important structure is por-

trayed in Appendix C. This committee structure draws heavily for
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its membership on the whole scientific community of Canada and
provides a very extensive role in information dissemination, as
well as contributing to the co-ordination of scientific activities across

the country,

RESEARCH ACTIVITIES AND OPERATIONAL POLICIES

III-1 UNIVERSITY GRANTS AND SCHOLARSHIPS

The basic objectives in supporting academic research
are the training of research manpower and the acquisition of new
scientific knowledge. From its inception, the program of scholar-
ships and grants-in-aid of research developed by the National
Research Council, has been based on a number of fundamental
principles:

% Academic freedom and university autonomy must not be
infringed upon. The individual professor has complete freedom to
plan his own research with the consent of university authorities.

2, Research grants awarded by the National Research
Council are considered grants-in-aid and are not intended to cover
the complete costs, For this reason Council has been reluctant to
pay "overhead' costs, but a general research grant is currently
given to the university president to provide a flexible contingency
fund,

3. Under our Constitution, provincial governments have

the primary responsibility for education. Scholarships and research
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grants are therefore confined to graduate students and the researches
of staff members.
4, Council has traditionally placed more emphasis on suppor -
ting the gifted individual than on supporting the project, department
or institution, Experience has shown that unless there is demonstrated
competence in the individual, the funds expended rarely produce
significant research results,
8 While Council has generally sought to support excellence,
special consideration has been given to supporting promising individuals
and groups in the emerging universities and developing disciplines.
This has been done through "starting grants' to young applicants who
are new staff members, through supplementing the general research
grants to institutions, and by negotiated development grants.

At present the awards policy is determined by three
Standing Committees of Council, namely: (1) Committee on Scholar -~
ships and Fellowships; (2) Committee on Annual Grants, and
(3) Committee on Negotiated Grants. About one hundred academic
representatives from a wide spectrum of universities and disciplines
are appointed, on a rotational basis, to serve on the grant selection
committees that review and assess all grant requests. In addition,
they make recommendations on major equipment requests and
support of research institutes, Negotiated development grants are

intended to provide an initial stimulus (normally three years) for
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important scientific and mission-oriented research activities in
localities and in disciplines where such a stimulus is considered
necessary. Past experience has shown that a number of different
programs are needed to meet various objectives and new requirements
as they arise., Periodically new programs are initiated on an
experimental basis and those that are unsuccessful or become out=
dated are discarded. More complete details are given in the
publicatior "Support of Research in Canadian Universities by the
National Research Council of Canada, March 1968",

An important criterion in assessing excellence in the
scientist is the number and quality of his scientific papers, patents,
products and processes. Scientific achievement can be evaluated on the
basis of articles published in competently refereed journals and such
papers are available for further scrutiny by grant selection committees.

The policy of the National Research Council is to support
competent research in all fields and disciplines of natural science.
Some projects may fall in interdisciplinary fields at the interface of
the natural and social sciences. It has been the policy of Council to
take a flexible position in these borderline areas. Individual
scientists and universities also receive research support from other
government departments and agencies. A number of formal and
informal liaison committees have been set up with representatives

of these agencies.
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Within the grants program the main shift in resources
has been towards support of new growing points in science which,
with a fixed budget, naturally reduces the amount available in more
well-established fields. At the present time all funds available to
Council for university support are allocated and these seldom meet
more than 60% of the requests received. Appendix D summarizes
funds awarded during the past five years.

During the past fifty years, the National Research Council
of Canada awarded some 11,000 scholarships to over 5,000 individuals.
The growth rate of the program for the past five years is shown in
Appendix D, The Council awarded over 2,500 scholarships in the
current year. A survey (Appendix E) shows that about 45% of NRC
scholars are currently employed in universities while 25% are in
industry, and 25% in Government laboratories. Most of the scholars
found employment in Canada, though at any given point in time some
20% are employed in the U.S., However, one third of these will
eventually return to Canada.

III-2 THE INDUSTRIAL RESEARCH ASSISTANCE PROGRAM

This Program (IRAP) was initiated in 1962 as the third
of five government programs to stimulate applied research in
Canadian industry., It is specifically directed to establish a number
of competent research teams in manufacturing companies in non-

defence areas, with industry bearing at least half the cost. It is
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generally comparable with the Defence Industrial Research Program
(DIR) in National Defence and is complemented by the Program for
the Advancement of Industrial Technology (PAIT) in the Department
of Industry.

Administration is handled by N.R. C., which has appointed
Committees representing industry, university and government interests
to establish guidelines and ground rules, and to approve grants. Par-
ticular emphasis has been laid on reducing administrative requirements,
conditions of grant and supervision of projects to the bare essentials,
and on flexibility in meeting industrial needs as the Program develops.

Proposals of a company's own choice may be submitted,
at any time, in a prescribed format. They are examined by the
N.R.C. Secretariat as to general eligibility, and assessed by senior
scientists from N.R. C. and appropriate government departments as
to the quality of the research and the personnel to be employed. They
are then reviewed by a Committee of senior executives from government
departments and agencies concerned with industrial research and
production, commerce and finance, who also provide cross representa-
tion on DIR and PAIT Committees.

The Committee ensures that funds are not concentrated
unduly in any one company, industrial field or geographical area,
and that the research is related to improvement in the national

economy., Scientific liaison officers are appointed to each project
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to observe progress and make government resources available as
necessary. Projects are treated as commercially confidential and
companies retain all patent rights. Grants are non-recoverable and
apply to relatively long term applied research of three to five years
duration, They are renewable each year, subject to satisfactory
progress, and companies may re-orient or enlarge their programs.
Support is limited to the salaries of research personnel added to the
company staff on a permanent basis, salaries of university professors
serving as advisors, and university summer students. Although each
project must have a process or a product field in view, commercially
applicable results are not necessarily expected within the term of
support, Subsequent R&D required to convert laboratory results into
commercial products is not supported, this being a function of PAIT,
Growth has been at a natural rate governed by initial
shortages of senior scientists, time to build laboratories, and the
share of company funds available for investment in the IRAP,
Detailed records kept of each project reveal a definite increase in
laboratory facilities and the number and quality of research personnel
attributable to IRAP. Over half of the 131 companies involved are new
to research and only 17% also receive support from PAIT and DIR.
About 25% of the companies are small and several have been success-
ful, although the failure rate is higher in this sector. Many large

companies have expanded their facilities and research budgets
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considerably, undertaken more sophisticated research and entered

new fields, including some areas previously left to government.

Most response has come from Ontario and Quebec, a good response
from Western Canada and very little from the Atlantic Provinces.

The projects have served as focal points, bringing government,
university and industrial scientists together and improving communica-
tion, leading to increased use of government and university resources
and a better understanding of industrial needs.

Research costs per professional compare quite favourably
with those current in U. S, A, and Canadian industry. The cost sharing
ratio has changed somewhat, the average company share increasing
from 51% to 57%. Although funds have been sufficient to support all
suitable projects until the current year, the entire Program only
compares in personnel and budget with that of a medium-sized
industrial laboratory in the U.S. A,

IR AP activities and results are documented in more
detail in Appendix F,

III1-3 INTRAMURAL RESEARCH - NRC LABORATORY PROGRAMS

Rather than attempting to enumerate the work of each
Laboratory Division in any detail, this brief survey will emphasize
the philosophy and policies behind their operations with some illus-
trative examples here and there. A condensed listing of Research

Projects is given in Appendix G. A fuller account of the various
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Divisional programs are published annually in the "Review of the
National Research Council of Canada'. (Published by NRC, Ottawa,
Canada, N.R.C. No. 10159).

The internal scientific programs have been grouped under
twelve Divisions, ten in the Ottawa area, one at Halifax and one at
Saskatoon. With two or three exceptions, the titles of the Divisions
(as of March 1968) are descriptive of their current research programs
in broad terms only, since some of the designations have not kept
pace with the continuous metamorphosis of the respective divisional
programs, However, the organization is flexible and re-alignments,
both intradivisional and interdivisional, are continually underway,
not for administrative convenience, but to adapt the available resources
to changing conditions and demands through selection and concentration.
The NRC's internal policy is designed to emphasize the interdisciplinary
approach to to-day's research problems which often require a multi-
faceted attack.

The broad goals of the NRC are both a deeper penetration
into the secrets of nature and the application of the knowledge so
gained to human problems, with a view to improving our society
both intellectually and materially. At the present time, the major
part of our research effort as measured in terms of both men and
dollars, is devoted to programs that appear to promise more immediate

material returns, but this does not necessarily imply that more
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importance is attached to short term applied work, In part, this also
reflects the price of providing to the country certain special R&D
facilities too expensive for industry to afford, such as wind tunnels,
seaway models, ship basins, antenna ranges and fire research
facilities, For the most part, research programs tend to be of the
longer-range exploratory type. Although devices and products
frequently result, the primary objectives should be feasibility and
'know=-how', rather than product development. The latter is more
appropriately carried out in industrial laboratories, or by co=-
operation with industries,

The Divisions of Pure Physics and Pure Chemistry engage
in selected basic research, where the main guiding principle is to
support highly competent investigators who, themselves decide to a
great extent the direction the work will take, A wise administration
does not attempt to direct closely or to channel basic research while
it is in progress. Its role is to assess the results, from time to
time, in order to decide whether to continue and enlarge the support
or to withdraw from the field. The judgment of scientists world-wide
is the most useful factor in determining the value of basic research,
whether or not that knowledge shows promise of application. In
addition, the administration may indeed try to evaluate the practical
potential but this is very difficult, Sometime, somewhere, it is a

virtual certainty that any front-line research will be utilized in some
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form for man's material betterment.

At the other end of the research spectrum are the
Division of Building Research and the National Aeronautical Estab-
lishment which could be described as "mission-oriented". DBR's
programs are tailored to its role as a research and information
agency serving both the construction industry across Canada and
other government departments and agencies, notably Central
Mortgage and Housing Corporation. The major efforts of NAE's
laboratories are directed toward problems of the aerospace industry.
NAE also acts as the aeronautical research arm of DND and DOT.
In both Divisions the majority of the programs and projects are
closely monitored and co-ordinated at all levels, since the desired
end products, whether hardware or information, are as a rule
determinable in advance. Both of these Divisions do undertake some
fundamental researches, from time to time, where the initiative
usually stems from the needs of the applied programs.

The Division of Mechanical Engineering is also near the
applied end of the spectrum, Broadly speaking, the major activity
of DME is in the transportation field - land, sea and air. In
particular, the St. Lawrence Seaway has received considerable
attention for several years, and investigations into other aspects
of coastal engineering and river hydraulics are also current. The

railways have come to rely on the Division for advice on their
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problems. In the aeronautical field, of course, the Division works
intimately with NAE to ensure that their respective programs dovetail,
Somewhere midway along the spectrum may be found the
Divisions of Applied Chemistry, Applied Physics, Biosciences and
Radiation Biology. The programs of these Divisions are oriented
towards solutions of practical problems, but they also endeavour to
allocate some of their resources to fundamental work for which a
""pay-off'' in material terms may be many years ahead. Acoustics
and photogrammetry are but two examples of major programs in
Applied Physics which are geared specifically to obtaining practical
answers of use to industry and government, and for which there have
been created special facilities unique in Canada. Many of the physical
standards that have been established to date were developed in the
Division of Applied Physics - a process that continues to demand
basic research of the highest calibre. Radiation Biology was
recently set up to investigate the effects of radiation on living
creatures. However, since this is closely related to several
biological investigations now under way in the Division of Biosciences,
a coalescence of the programs of these two Divisions is now under
way. The emphasis of these programs is on research into the
physical and chemical aspects of biology as contrasted to the
medical and clinical aspects. The Division of Applied Chemistry

has been involved in the development of several important commercial
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processes. However - and this is typical of the NRC as a whole -
the Division's reputation as advisor and consultant to the chemical
industry is sustained by good men in basic research who are
strongly motivated to "following through' in applied work,

The largest unit, the Radio and Electrical Engineering
Division, is perhaps also the most heterogeneous, since its
activities range from radio astronomy and the physics of surfaces
on one hand to the development of radar antennas and navigational
aids on the other. Provided the sub-units are not too small to
be viable this heterogenity (which also exists to a considerable
degree in the other Divisions) has been shown to be most effective
in cross-pollinating the ideas of the basic and the applied scientists.

The Prairie Regional Laboratory, located on the campus
of the University of Saskatchewan, and the Atlantic Regional
Laboratory on the grounds of Dalhousie University, were estab-
lished to carry out investigations peculiar to the local conditions
and in this endeavour they have been moderately successful. In
both cases the scope of their programs has been biological in
nature, broadly speaking, with the emphasis at PRL leaning
toward agricultural developments and at ARL toward utilization

of products of the sea,
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1I11-4 ASSOCIATE COMMITTEES

The National Research Council Auochtc‘Commltt.o.
have proved to be one of the most effective instruments for
studying, co-ordinating and promoting research on problems of
national significance. The members of these committees are
experts in the different aspects and disciplines related to the
problem and are drawn from university, industry and government
laboratories. Such representation brings to the committee a
multidisciplinary capability and a diversity of research resources.
An associate committee collects and collates the necessary
information, delineates research problems, co-ordinates research
and, if necessary, may initiate new research, Over the years
these committees have been very successful and this mechanism
has been adopted in other countries.

A few committees have been in existence for over
40 years and continue to record notable accomplishments but
others have performed their task and been disbanded. Currently
there are 42 associate committees dealing with a wide variety of
national problems (see Appendix C). To exemplify the inter-
disciplinary nature of their research activities, the diversity of
problems and methods of operation, the work of four selected

committees is outlined below,
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Grain Research

The Associate Committee on Grain Research is one
of the Council's oldest associate committees. The excellent
baking quality of Canadian wheat was-established by the variety
Marquis, but it was susceptible to rust. For over 40 years new
rust-resistant varieties have been produced continuously by the
Canada Department of Agriculture, but their baking quality has
to be determined to confirm that they are 'equal in quality to
Marquis'' as required by the Canada Grain Act. The committee
devised procedures for testing the baking quality of exceedingly
small samples followed by the application of these tests to the
new varieties, Prior to the establishment of the National Research
Council's laboratories, this work was done in university laboratories
under grants made by the committee.

Procedures for testing the quality of other cereals
and oilseeds (macaroni wheat, malting barley, rape seed, etc.)
have also been developed by the committee, Application of all
these tests is now routine and is done largely by government and
industrial laboratories but the committee interprets the results
in terms of quality and makes its recommendations to competent
authority, Other studies by the committee have provided the
basis for modern grain-drying and grain-grading procedures

including an examination of their suitability for new baking
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technologies. These committee activities have improved quality
and established a high level of confidence in Canadian grains that
has increased exports. This objective could not have been
attained without close co-operation between specialists in uni-
versity, government and industry.

National Building Code

All building must conform to certain minimum
standards in the interests of public safety. Under our Constitution
building regulations are a provincial responsibility and these have
been delegated by provincial governments to municipal authorities.
This has led to a diversity of local building bylaws that were
often conflicting. As early as 1941 Council, as a result of the
first Dominion Housing Act, produced a model bylaw or code that
could be used by municipalities.

In 1948 responsibility for the Code was assumed by
the Associate Committee on the National Building Code, supported
by technical and secretarial services provided by the Division of
Building Research. The committee is made up of experts from
all parts of the country, from all segments of the construction
industry, plus public interest representatives., Revised and
improved versions of the Code were issued in 1953, 1960 and 1965,
and further revisions will appear at five-year intervals. Adoption

of this Code remains a voluntary matter but it is now used as a
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guide for all federal construction, is mentioned by name in the
Municipal Acts of six provinces, and is used by the four other
provinces and 80% of the cities in Canada. In effect it has
become the building regulation for over three-quarters of the
Canadian population,

Geodesy and Geophysics

The physics of the earth or ''geophysics'" encompasses
studies far beyond that of a single discipline and its practitioners
represent a multitude of scientific disciplines. No other nation
compares with Canada in the range of opportunities for geophysical
research, For example, the North Magnetic Pole, the Polar
Continental Shelf, and the Canadian Shield all lie within its
territory, One-third of the fresh-water in the world is in Canada,
we border on three oceans, the Great Lakes, and have vast areas
of snow, ice, glaciers and permafrost.

This rich field for scientific study presents problems
as well as opportunities, An adequate network of survey and
monitoring stations covering our vast territory is required to
provide data for meteorology, seismology, gravity, magnetic and
other surveys. The Associate Committee on Geodesy and Geo-
physics provides a national forum for scientists from universities,
federal and provincial governments and industry. It also acts as

the Canadian member of various International bodies devoted to



106

Special Commitiee

International co-operation and scientific exchange in this field.

Agricultural and Forestry Aviation

While the combination of aviation expertise and the
products of modern chemistry have been of inestimable benefit
to world food production, the social and financial benefits of
aerial spraying of pesticides are sometimes accompanied by
side-effects that present formidable problems. Aerial application
of agricultural chemicals in Canada is increasing at a rate of
nearly 20% annually, Ideally, these biologically active chemicals
should be applied in just the necessary and sufficient concen-
tration, If this ideal is not achieved, the process is inefficient
and may contribute to pollution of our soil, air and water in
addition to undesirable acute effects.

The Associate Committee on Agricultural and Forestry
Aviation was set up in 1965 to provide a medium for communi-
cation between specialists in the agricultural, foresty, medical
and aeronautical sciences, regulatory agencies of government,
commercial suppliers of agricultural chemicals and aerial spray
operators. During its three years of existence, the Committee
has made working contact with actively interested organizations
and individuals in all the provinces of Canada, with appropriate
organizations in the United States and overseas, and with the

International Agricultural Aviation Centre at The Hague.



Science Policy 107

III-5 SCIENTIFIC AND TECHNICAL INFORMATION SYSTEMS

a) TECHNICAL INFORMATION SERVICE

This Service helps small secondary manufacturing
companies to keep abreast of new developments in technology
and research on a no-fee basis, Field engineers, all university
graduates with many years of industrial experience, operate from
eleven field offices across Canada and personally visit companies
to discuss their problems,

The Service operates in three sections, The Technical
Enquiry Section provides information to solve production problems
concerning the properties and processing of materials., If a field
officer cannot answer the query directly, it is referred to the
T.LS. staff in Ottawa, also engineers with widely varying indus-
trial experience. They have numerous sources of information
located in government laboratories and departments, in the
National Science Library and its vast network of library resources,
in large companies and industrial associations, and in foreign
countries. The answer gives background information on the
problem, articles and texts applicable to its solution, advice on
how to use the information, a bibliography of other material to
enable the enquirer to study the problem further, and the
location of this material,

The Industrial Engineering Section assists companies
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on a do-it-yourself basis to resolve their operating problems.
This is done by supplying information, guidance and assistance
in the analysis of work situations, improvements to production
processes and facilities and implementation of systems by which
management can operate and control production processes for
optimum results,

Companies are encouraged to train their staff in
industrial engineering techniques and are advised on sources of
training or consulting services of a specific nature,

The Technological Developments Section provides
information selected as having particular application to Canadian
industry. It provides Technical Reviews of new developments,
giving a summary of the state of the art and a bibliography of
up-to~date references. It has sponsored a small collection of
technical films covering industrial engineering techniques and
new production processes, administered for it by the National
Film Library,

Its major effort is concentrated on providing Check-
lists of titles of articles, selected from hundreds of technical
journals and other sources as being suitable for particular fields
of industry and for particular companies in each field. Computer
techniques are used to match the special interests of some 3,000

participating companies with this selected material. The items
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requested by the companies from these Checklists are then used
to provide further Checklists for the remaining 27,000 odd
companies not registered in the computer program.

T.L1.S. also exchanges considerable information with
similar organizations in other countries and has assisted some
developing countries by training personnel and answering their
industrial queries.

The Enquiry Service has been operating for twenty-
three years and has built up a clientele of both large and small
companies. Their continued use of the service indicates its
value and some 14,000 queries are answered annually. The
Industrial Engineering Service is filling a major need, the
material benefits of which are quite obvious in improved produc-
tivity, The Technological Developments Section is still experi-
mental in nature but a definite need has been indicated by
industry, which has been most co-operative in developing the
service, This probably will become the largest section in T.L S.
The co-operation with foreign countries presents an opportunity
for an organized and inexpensive program of external aid to fill
a technical need not covered by existing programs. Its operations

are described in more detail in Appendix H.
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b) NATIONAL SCIENCE LIBRARY

The National Science Library, the major science
library in Canada, is a responsibility of the National Research
Council under its Act. It is essentially an information transferral
agency. Its activities are designed to provide Canadian scientists,
engineers and industrialists with direct and immediate access to
publications and information required in their day to day work.

The Library's resources of 725,000 volumes have been
developed in close co-operation with other federal libraries, to
the point where there exists one of the world's outstanding
collections of scientific and technical literature. The NSL's
services reinforce and supplement local information services
rather than supplant or replace them. Through these co-operative
measures and utilization of Telex linkage with world-wide infor-
mation services, the NSL serves as the focal point of a national
scientific and technical information network.,

Typical of large science libraries, periodicals or
journals account for 80% of the NSL's collection. Of the 16,000
journals currently received approximately 2000 titles are obtained
through exchange agreements with 61 countries. The Library is
a depository for publications issued by such agencies as the U.S.
Atomic Energy Commission, U, K. Atomic Energy Authority,

Rand Corporation, NASA and the U.S. Clearinghouse for Federal
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Scientific and Technical Information. Publications from this
latter agency are received in the form of microfiche representing
20,000 technical reports per year.

In November 1966 the NSL was assigned the additional
responsibility of serving as the national bibliographical centre
for the medical and health sciences. In keeping with this
assignment the Library is strengthening its medical collection
and now receives all but 150 of the 2,300 journals indexed
regularly by Index Medicus.

The Library's resources are publicized by a wide
variety of publications which are compiled using computerized
techniques and distributed at regular intervals, and without
charge, to libraries and scientific organizations across Canada.
Its information services are carried out by a staff having science
or engineering degrees or experience, and who are skilled in the
art of answering requests for scientific information, in carrying
out literature searches, compiling bibliographies and providing an
SDI (Selective Dissemination of Information) service using both
conventional and mechanized techniques.

The Library's mechanized SDI service utilizes a
computer to scan the contents of 3000 journals and provides 130
scientists in the Ottawa area with weekly lists of papers in their

specific fields of interest. Steps are now being taken to extend
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this service on a national scale,

The provision of loans or photocopies of scientific
papers is an integral part of the NSL's information services,

At present an average of 300 such requests are processed daily -
50% from industrial firms, 30% from universities and 20% from
other organizations and individuals.

The NSL's Translations Section maintains the ''Canadian
Index of Scientific Translations' which records the availability of
more than 200,000 translations of foreign language papers. This
Section also distributes to interested scientists copies of the 1300
translated papers prepared for NRC scientists, and publishes a
cover -to-cover translation of the Russian journal Problemy Severa
(Problems of the North).

During the ten year period 1957-1967, the Library's
collection expanded from 350,000 to 725,000 volumes. The number
of loans and photocopies provided grew from 59,000 to 155,000 per
year, while the requests for factual information, literature searches
and bibliographies increased from 3400 to 24,000 per year,

The N.S.L. has grown to a point where it completely
fills its available space designed 38 years ago. A new building
to house the material and the personnel who work with it is at
the architectural design stage and hence several years away at

best. Until new premises are available, library services will be
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adversely affected by the congested situation.

c) SCIENTIFIC PUBLICATIONS

The culminating step for most scientific researchers
is the publishing of a research paper and thus the publishing of
research papers is an integral and important part of the research
process, As a major contribution to disseminating the results of
research activities, the National Research Council entered the
scientific publishing field in 1929 with the Canadian Journal of
Research, a monthly publication, Keeping pace with the expansion
of research in Canada, the initial Journal has proliferated through
various intermediate stages so that now the Council publishes
eight Journals covering the fields of Biochemistry, Botany,
Chemistry, Earth Sciences, Microbiology, Physics, Physiology
and Pharmacology, and Zoology., Two of the Journals are
published bi-monthly; four are published monthly and two semi-
monthly.

The continuing increase of research in Canada maintains
a pressure on the Journals to grow in step. Thus the Journals as
a whole tend to double in size every 6% years, or about an average
of 15% per year., This growth, of course, is not evenly distributed
by years or Journals, For instance, in 1967 the Journals as a
whole published 1,911 papers in 17,168 pages--an increase of about

21% over 1966. The source of papers continues fairly steadily at
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70% Canadian papers to 30% papers from other countries.

d) INTERNATIONAL EXCHANGES

The Office of International Relations has responsibility
for the participation of the National Research Council in formal
international scientific activities, The National Research Council
is the adhering body in Canada for the International Council of
Scientific Unions and most of its constituent unions. The National
Research Council also holds membership, on behalf of Canada, in
many other international scientific associations and organizations,
In addition, the National Research Council, in conjunction with
the Department of External Affairs, has responsibility for Canadian
participation in the activities of the Nato Science Committee and
some of the scientific committees of the Organization for Economic
Cooperation and Development.

The National Research Council operates a scientific
liaison office in London with responsibility to maintain relations
with scientific organizations in the United Kingdom and to report
on scientific and technical developments,

The National Research Council has a scientific exchange
agreement with the Soviet Academy of Sciences which provides for
visits of scientists ranging from three weeks to nine months.

The Council has also accepted certain obligations for the exchange

of scientists with France within the terms of the Cultural Agreement
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between the Government of the French Republic and the Govern-
ment of Canada. Copies of these agreements and related
information is detailed in Appendix I,

Of the 16,000 journals currently received by the
National Science Library and using the Canadian Journals of
Research as exchange media, approximately 2,000 are received
from other countries on an exchange basis. Exchange agreements
have been established with 61 countries, the majority of which are
located in Europe.

III-6 RESEARCH SERVICES

a) STANDARDS AND CALIBRATION

In any country it is essential to both science and
commerce to have access one way or another to a wide range of
international physical standards. Accordingly the NRC is slowly
building up a range of physical standards and has established to
date a number in the fields of acoustics, colourimetry, electricity,
mechanics (force length, mass, hardness etc.), optics, temperature
time and frequency, and nuclear radiations. Some of the con-
tributions in this field have been outstanding for example, the
Canadian neutron standard has been accepted as the world standard.

Calibration services typically involve either a direct
comparison between the user's instrument and the primary

standard or a sequential comparison which interposes a secondary
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working standard. Since the NRC can scarcely be called upon

to calibrate everyone's thermometers or scales, practical arrange-
ments are usually worked out whereby the NRC will from time to
time certify the accuracy of secondary standards, which may be
maintained by a government department with regulatory powers,
such as Trade and Commerce, or even by a commercial firm.
As an example of the latter practice the Department of National
Defence contracts with one or more commercial firms to supply
DND with calibration services, with the provision that the
secondary standards employed by the firm are to be periodically
certified by NRC.

b) RESEARCH TOOLS AND SPECIAL FACILITIES

Over the years the NRC has built up a large inventory
of research tools and facilities, many of which are unique in
Canada. Some of these are designed to support basic research
programs, such as the Algonquin Radio Observatory, and the
Churchill Research Range, while others, including the family of
wind tunnels, the antenna ranges, and the ship testing basins,
have been built in response to the needs of the industrial
community,

The world's best radiotelescope for the reception of
microwave radiation is at the Algonquin Radio Observatory and

much of its observing time is booked by astronomers from
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Canadian universities, the Department of Energy, Mines and
Resources, and some foreign observatories. The Churchill
Research Range, at Churchill, Man., is a large complex for the
support of the launching of scientific sounding rockets for studies
of the upper atmosphere. The U,S. A, built the range originally
and currently contributes half the operating cost. At present,
U.S. scientists launch about twice as many rockets as the
Canadians, and in Canada the university usage outweighs that of
the NRC scientists. A third example of a facility designed to
support basic research is a number of high-resolution spectrom-
eters and spectrographs, acknowledged to be the best anywhere.
The low-speed wind tunnel alone has been involved in
the aerodynamic development of at least twenty different types of
Canadian-produced aircraft, ranging from the CF-100 to the
Beaver -Otter -Caribou series, for which the total sales have been
estimated to exceed two billion dollars, It is still working one
full shift a day exclusively for Canadian industry. In addition,
the 5-foot trisonic tunnel with a speed range of Mach 0.2 to 4.5,
and the hypersonic helium tunnel which will test models to
Mach 17 or higher, have each proven their worth. Shortly to be
commissioned is the 30-foot Vertical/Short Take-Off and Landing
tunnel which is expected to be essential in developing aircraft to

operate in Canada's north,
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Some special-purpose facilities, such as the Seaway
model and the model of the St. Lawrence River now under
construction in co-operation with the Department of Transport,
are designed to solve major problems of this waterway. This
investment will be returned if as little as 1% of the cost of the
full-scale installations can be realized as a result of the model
researches. The towing tank and the ship model basin also
represent other special facilities, to support research related to
Canada's ship-building industry.

The major part of the physical resources of the
Division of Building Research is a unified research facility to
aid the Canadian construction industry. Load-measuring devices,
heat and moisture transfer instrumentation, and soil testing gear
represent a part of the investment for this purpose. The fire
research complex, incorporating special furnaces and equipment
for studying materials at high temperatures, is one of the best
on the continent.

Most of the research facilities described so far are
physically rather large and impressive. However, one should
mention a few, at least, of the many smaller and less spectacular
tools which have been developed in the laboratories and which, in
gross, may have contributed just as much to Canadian science and

commerce -- some of these are pocket size. Mass spectrometers
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and high vacuum gauges invented in the NRC laboratories are used
worldwide, and have even flown to the moon. Various electronic
and mechanical instruments developed to aid medical researches
have now been adopted for clinical use as well. Our techniques
for building precision calorimeters are recognized to be the most
advanced to date.

The Computation Centre, built around a pair of IBM
360/50's is an important facility to support many different
research programs. The capabilities of the Centre are being
improved as fast as available funds and people will permit, for
example, the development of specialized software, but the
requirements of the scientists continue to outstrip the capacity
of the computers.

III-7 OTHER RESEARCH PROMOTION

Special Activities

A special activity of the National Research Council of
Canada in the general area of research promotion is the support
for conferences and symposia. In the past 5 years the number

of conferences and symposia supported by Council are as follows:

1963-64  1964-65 1965-66 1966-67 1967-68

14 15 19 3 24

The regional distribution of these awards in the last
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5 years is as follows:

West Coast 3
Prairie Regions 19
Ontario 51
Quebec 21
Maritimes 9

As an example, a typical list of conferences and

symposia supported in one year is given in Appendix J.

The National Research Council of Canada awards
travel grants to university staff members to assist in meeting
the cost of attending conferences, meetings, symposia, normally
outside of North America, or towards the cost of visiting
laboratories abroad for short periods. The following shows the
number of travel grants awarded in the last 5 years:

1963-64 1964-65 1965-66 1966-67 1967-68

97 140 135 226 252

Divisional Conferences

The Divisions of the National Research Council also
organize conferences, symposia and seminars, in addition to
those supported by the Awards Office.

The Division of Building Research has organized a

total of 7 Building Science Seminars, one or two being given
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each year on selected subjects. Presentations are made by
Divisional staff and attract up to 500 persons interested in
manufacture, construction and operation as well as design. The
Division of Applied Physics sponsored three international symposia
on Photogrammetry, Glacier Mappery, and Photo and Orthophoto
Maps, the latter jointly organized with the Canadian Institute of
Surveying. The Radio and Electrical Engineering Division has
arranged 4 such symposia ranging from electrical hazards in
hospitals to high voltage and have held 4 additional joint meetings
with international or national organizations, In the older and
more established fields of science such as chemistry, physics
and biology, there are a number of general or specialized
national or international societies, and the work of the Divisions
can usually be presented at the annual meetings of such groups.
Here the staff may be relp;nnlble for much of the organization
of the meeting and most of the presentations. For example, the
Division of Applied Chemistry has contributed to the meetings of
the Canadian Association for Applied Spectroscopy and the
Canadian High Polymer Forum. In addition, the Canadian
Institute of Chemistry conferences have been supported by the
Divisions of Applied Chemistry, Pure‘Chemistry and Biosciences,
More specialized groups include the conferences of the Electro-

chemical Society and an international conference on Passivity in
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metals. The Division of Biosciences has organized annual
conferences on Cold Physiology and Plant Physiology, in addition
to being major participants in such biological societies as the
Canadian Society of Physiology, Canadian Biochemical Society,
and the Canadian Society of Microbiologists, Upwards of 300
papers are presented annually by individual staff members at
national and international conferences.

1I1I-8 RELATIONS BETWEEN NRC AND OTHER FEDERAL
DEPARTMENTS AND AGENCIES

At first glance, the scientific activities of federal
government agencies may appear to an outsider to be wholly
uncoordinated, and Ottawa to be a scientific jungle., This is not
the case. When Council's laboratory operations were commenced,
circa 1930, several departments, notably Agriculture and Mines,
were already engaged in scientific research related to their
missions, As NRC established its laboratories, a policy was
followed not to engage in applied research work in fields already
undertaken by other agencies in support of their missions.

In general, it has become accepted that any federal
department or agency with a mission should be responsible for
the research essential to its mission. This leaves certain fields
of applied science as the territory for one single agency or
department, without any uncertainty or doubt in the minds of

persons in other agencies as to where the interdisciplinary
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boundary fences are. There are one or two notable exceptions
which are also clearly understood, for example, NRC has
possessed and operated federal government wind tunnels primarily
as a service to industry, but also serving Air Canada, the
Department of Transport and the Department of National Defence.

It must be noted that as the size of the National
Research Council's organization has expanded, portions have been
detached and set up as autonomous agencies. In particular, the
Medical Research Council, the Defence Research Board, Atomic
Energy Control Board and Atomic Energy of Canada Limited are
organizations stemming from responsibilities and activities initially
carried by NRC.

Much of the co-ordination which exists is a direct
outcome of good personal relationships between deputy heads of
agencies and heads of scientific subdivisions. A notable example
of effective co-ordination is the Canadian Committee on Ocean-
ography, established about 1943 under the sponsorship of NRC.
This Committee is self-appointed, and does not report to any
Minister or agency. Its members are of deputy minister and
assistant deputy minister rank from departments and agencies
carrying out research activity in the field of oceanography. In
particular, it makes an effort to achieve full and effective use

of federal government ships and aircraft from which scientific



124

Special Committee

missions in oceanography can be performed.

The National Research Council and many other
government departments from time to time establish committees
usually to advise the deputy head with respect to scientific matters
in the department concerned. There has always been a willingness
for scientists in one department to give unstintingly of their time
to serve on committees of this kind. The REVIEW of the National
Research Council of Canada provides lists of Council committees
on which representatives from other departments serve and the
names of NRC staff members serving on committees of other

departments and agencies.

RESEARCH OUTPUT

IV-1 PATENTS, NEW INDUSTRIES, TECHNOLOGIES AND PROCESSES

Patents arising from research activities at the
National Research Council of Canada have been directly respon-
sible for setting up at least two fairly large industries in Canada.
Research work on obtaining refractory materials from native
rock deposits, on which about 80 patent applications were filed,
has built an industry which has had a sales volume of approx-
imately $22,000,000 per year in the years 1962-67. = Research
work on the production of magnesium resulted in the filing of
approximately 65 patent applications and the creation of another

industry which has had a sales volume of approximately $6,500,000
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per year in the years 1962-67. These are two outstanding
examples of the results of research having been applied to
benefit the economy of Canada.

During the five-year period under review, scientists
and research workers have submitted some 267 proposals for
patents, on which 107 patent applications have been filed. Licenses
have been granted on 34 of these inventions to 2l licensees.
Royalties received indicate that the sales volume from the
inventions licensed is approximately $19,000,000 for the same
period.

Several companies have been formed in recent years
which depend heavily on NRC inventions. For example, Guildline
at Smiths Falls, Ont., established an export market based largely
on their production of a precision potentiometer and other instru-
mentation developed at the National Research Council. The firm
is now expanding its facilities to meet the coming demand for
NRC -designed current and voltage comparators. As another
example, Leigh Instruments of Carleton Place, Ont., has realized
about $15 million to date in sales of the NRC crash position
indicator -~ a figure which does not include the savings in
reduced costs of air-ground searches. Following successful tests
of NRC's airborne radar altimeter in Canada and also over

Guatemala's tropical rain forests Leigh Instruments is now
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tooling up for an anticipated world-wide market for this potent
aid to forest inventory and control,

The above are two examples in which the NRC's
contributions form the mainstay of the company's operations,
More often, the NRC's role has been to stimulate a new product
or a branch operation in an established firm or industry: a few
examples of this will be found in Section IV-4, '"Some significant
projects'. While the dollar value of the NRC-inspired product
would not necessarily make or break the company it can be quite
appreciable in some cases, for instance, Canadian Aviation
Electronics of Montreal ascribe about $9 million worth of sales
to products originating from the airborne magnetometer project.

The construction industry is highly dependent on the
NRC, both for innovations which instigate new products and for
standards which help to stabilize existing market conditions. For
example, sealed double-glazed windows are now used almost
exclusively in all large commercial buildings. This is due in no
small part to an NRC-developed standard of manufacture which
has helped to overcome a rather chaotic situation previously
arising from a very wide variation in the quality of different
manufacturers' products.

Not infrequently the NRC scientists move into the

company's plant to aid in establishing a new technique or to
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assist in trouble-shooting an existing process. The chemical
industry, perhaps more than others, has benefitted from this
practice. On one occasion recently, NRC scientists carried out
experiments in the smelter department of a Quebec copper firm
and came up with an answer to their problem of just when to
terminate the copper oxidation process for maximum efficiency.

In another case, on-site calibration of the electrical instrumentation
was found to be the solution at a plant where the apparatus had to
operate in close proximity to very large electrical currents.

IVv-2 PUBLICATIONS

During the period 1962-67 the scientific and engineering
staff of the National Research Council reported the results of
original research and investigation in approximately 3300 papers.
The majority of these papers (approximately 90%) were published
in international scientific and technical journals. The remainder
appeared as bulletins in a series or as separate reports. The
total figure cited above does not include a wide variety of bulletins,
brochures and reports which deal with the activities and services
of a specific NRC division or of the NRC as a whole.

Samples of NRC publications are listed below. A

complete listing is given in Publications of the National Research

Council of Canada, a computerized listing and index prepared and

published by the National Science Library.



128 Special Committee

NRC Review Contains reports of the directors of divisions
and heads of sections and accounts of the work of the Council's
committees. Includes a roster of scientific staff. Also includes

a Review of the Medical Research Council.

NRC Research News. Quarterly news bulletin featuring

selected projects of the National Research Council,

Quarterly Bulletins of the Division of Mechanical Engineering

and the National Aeronautical Establishment and of the Radio and

Electrical Engineering Division,

Quarterly Progress Reports of the Division of Applied Physics

and the Division of Pure Physics,

National Building Code and National Fire Codes. Publications

issued by NRC Associate Committees,

Canadian Universities: Research in Science and Engineering.

1965 Universités Canadiennes: Recherches en Sciences et en
Génie. (NRC 8840). Published by the NRC Office of International
Relations and Economic Studies.

Annual Report on Support of University Research,

Graduate Students at Canadian Universities in Science and

Engineering. 1967-68.
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Union List of Scientific Serials in Canadian Libraries,

2nd ed, 1967. 2 vols.
IV-3 PERSONNEL POLICIES OF THE NATIONAL RESEARCH

COUNCIL

a) The National Research Council Act assigns to the
National Research Council the responsibility for the selection
and promotion of its staff. The Council's responsibility for staff
matters is in turn assigned to a Standing Committee, the Board
of Selection, composed of Council members. They are given full
responsibility for examining all recommendations for appointment
or promotion, for seeing that personnel policies laid down by the
Council and the government are adhered to, and for maintaining
a high standard of excellence throughout the organization. The
Board meets more frequently than the Council, perhaps five or
six times a year depending upon the need and submits its
recommendations to the Council., Thus, the Council, is respon-
sible for staff appointments, which is considered to be vital to
the operation of a scientific laboratory.

The Director of each of the Council's Divisions is
responsible for the assessment and development of his staff and
for making all recommendations concerning staff to the Board of
Selection. To achieve uniformity of treatment, each Director

has his recommendations for appointments and promotions reviewed
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by an interdivisional committee consisting of laboratory directors
before presenting them to the Board. The Selection Board, has
set a high standard of excellence for the Council and ensures that
it is maintained.

For the purpose of evaluating scientific personnel,
information on each candidate is considered under 5 main headings:

1. Factual data about the individual including

such information as age, educational background

and salary history,

2. The candidate's academic record. Although

it does not always hold, a high scholastic record

is usually directly related to high achievement in

the field of scientific research.

3. The candidate's achievements in the field of

science. This includes his publications and an

evaluation of their quality, Patents and engineering

reports are also included among his achievements,

4, Relevant experience ~ where the scientist or

engineer has worked, on what projects, and how

his experience is related to the job for which he is

now being considered,

5. Confidential references from previous employers

and supervisors,
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Educational leave may be granted to members of the
professional staff who do not have a doctor's degree but have
rendered at least two years of satisfactory service in the division
concerned and have demonstrated outstanding ability. An employee
recommended for such leave must have academic qualifications of
scholarship calibre and be considered suitable to become a con-
tinuing member of the staff. Special training leave may be granted
to members of the professional staff for short terms in order that
they may obtain experience and training required in connection
with the research programme of the division. Postdoctorate
leave may be granted to members of the scientific staff who have
completed formal academic training, and who have established
outstanding records of scientific achievement in the Council
laboratories, for the purpose of enabling them to derive benefit from
contact with research workers in other established laboratories.

Scientific staff are normally appointed on a term basis,
the standard length of term being three years. This arrangement
provides at regular intervals an opportunity for reviewing each
employee's relationship to the work of the Council. In practice,
only a very small proportion of terms are not renewed but the term
appointment system, together with high standards of selection, is
considered to play an important part in maintaining a research staff

of high quality, Term appointees enjoy the same general benefits,



132

Special Committee

including superannuation, group medical plan, and payroll deduction

privileges, as do permanent public servants.
b) Postdoctorate Fellowships
The personnel policies outlined above apply to research

scientists formally appointed to the Council's staff, It should be
noted however that a significant proportion of the scientific staff
(in recent years approximat ely 20 per cent) is made up of post-
doctorate fellows who have been awarded fellowships which are
tenable for one year and are usually renewed for a second. The use
of postdoctorate fellowships has provided, in addition to the research
experience obtained by the fellows themselves, a steady turnover of
keen young scientists whose diversity of training, experience and
ideas has had a very stimulating effect on the research carried out
in the Council's laboratories. The fellowships are open to nationals
of all countries and have attracted to Canada large numbers of highly
trained scientists who have then been available for recruitment by
Canadian industry and universities,

A similar program of postdoctorate fellowships is
administered by the National Research Council on behalf of several
government departments with scientific laboratories.

c) Personnel Statistics and other Personnel Information

A variety of details relating to the nature and composition
of personnel associated with scientific activities is attached in

Appendix K, Also attached (Appendix L) is some information about
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individuals who had the opportunity to train themselves in specialized
fields with N.R. C. and who have subsequently left and made important
contributions to their fields. This information is incomplete as it

has not been possible to follow the paths of a number of professionals
after they left the Council.

IV-4 SOME SIGNIFICANT PROJECTS

Outstanding achievements in areas of applied research
and development are usually quite tangible in character, such as a
piece of hardware, a process, or a compilation of technology-based
information like the National Building Code. On the other hand basic
research programs seem more likely to be noteworthy for the
cumulative effect of a series of advances. As an example, the
extensive work in our spectroscopy laboratory on determining the
structures and properties of simple molecules has yielded a
tremendous amount of highly significant data - in fact, it has been
estimated that more than half of the total of the world's information
on lighter molecules has originated in this laboratory. In a much
more specialized field, NRC scientists have had until fairly recently
a virtual monopoly on the observation and analysis of transient
meteor spectra, a subject which has suddenly become of keen interest
to space scientists studying the re-entry problem.

A recent highlight of the radio astronomy work was the

successful measurement of the angular diameters of a number of
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quasars, carried out by Canadian scientists by means of simultaneous
observations at NRC's Algonquin Radio Observatory, E.M. & R.'s
Dominion Astrophysical Observatory at Penticton, B.C., and the
Jodrell Bank Observatory near Manchester, England. Worthy of
remark is that not only were two government agencies and two
universities (Toronto and Queen's) intimately involved, but that the

job was done by an interdisciplinary group of astronomers, physicists,
electrical engineers and technicians, An unexpected practical outcome
of this work is the potential application of the technique to geodetic
surveying.

As a by-product of their basic studies program the
electron physics laboratory has produced several novel instruments
for the production and measurement of high vacua, which is now of
very great interest in technology and space operations. Perhaps of
even greater benefit, following from this work, is the experimental
extension of physical absorption isotherms well beyond previous work
elsewhere, and the demonstration that these isotherms are universally
applicable for the adsorption of all gases on all surfaces.

Basic research in chemical kinetics and photochemistry
personally initiated by a former president of NRC (Dr. Steacie) has
shed a good deal of light on the air pollution problem, and has also
greatly helped the rubber, plastics, and petrochemical industries.

The synthesis of several commercially important chemicals has
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been made much less expensive by a process known as autoxidation.
The discovery in one of our laboratories of a suitable membrane for
the process of ''reverse osmosis' may permit even the largest city
to re-cycle its water supply.

Through the co-operative efforts of scientists at the
National Research Council and Canada Department of Agriculture,
rapeseed has been developed as a major crop in Western Canada.
Not only has this replaced nearly 1,500,000 acres, equivalent to
about 30,000, 000 bushels, of wheat, with an alternative profitable
crop, it provided Canada with an excellent domestic source of
edible oil. This advance was made possible when NRC scientists
developed procedures for providing a complete analysis of the oil
in half a rapeseed, thus preserving the germ end, and enabling CDA
to make appropriate selections in their breeding program. In this
way erucic acid, a component of rapeseed oil considered undesirable
by industry, was eliminated. Rapeseed meal provides a high protein
feed for domestic animals but it contains unpalatable substances.
Methods have been devised at PRL to eliminate these undesirable
effects.

An airborne magnetometer has been developed, using
the latest techniques of the basic physics laboratory to push the
limiting sensitivity of such instruments down to less than one ten-

millionth part of the earth's magnetic field. With this device extensive
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surveys of the Continental Shelf have been made which have added
enormously to our store of geological information and, in particular
have aided the search for off -shore oil. Among other applications
it has been shown that the new magnetometer should double the
detection range of anti-submarine aircraft.

The absorption of sound waves in acoustic tile suggested
the idea of a perforated breakwater which, it turns out, not only
absorbs the incident waves almost without relfection but also induces

a shoreward current to prevent the washing -out of the footings, which

is a usual source of breakwater failure, The prototype full-scale
installation at Baie Comeau, Quebec, based on the NRC model, has
been highly successful,

Critical analysis of aerial photographs showed that perma-
frost areas could clearly be distinguished by certain characteristic
shadings. This has greatly speeded up preparation of a permafrost
map of Canada by the Division of Building Research. DBR also came
up with the answer to a costly and bothersome problem posed by the
residents of the ""Limestone City' (Kingston, Ontario). It was shown
that the reason concrete basements, and other concrete structures
exposed to damp, tend to disintegrate was that the commonly available
course aggregates in the district were limestones which reacted in
an unusual way with the cement to produce an undesirable expansion

of the concrete. Once identified, the solution to the problem was
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simply to use Portland cement with a very low alkaline content.

A listing of some highlights of our achievements should
also include one or two ''near misses' - projects which were
scientifically successful and which appeared to have great promise
for commercial exploitation but which did not quite come off, for
one reason or another,

The ethylene oxide story is a case in point with many and
involved ramifications which, at one phase, included the setting up
of a pilot plant in our own laboratories. The new NRC technique
promised to be more economical than the existing processes of
oxidizing ethylene, but several attempts to introduce it to industry
appear to have been frustrated in part by built-in vested interests in
the older processes and in part by a lack of entrepreneurship in the
licensees.

Another technological success was the NRC counter -
mortar radar set, which to this day outperforms its rivals developed
in the U.S. A, and U.K. In a limited sense it was a commercial
success too, since ten of the units were built in Canada (Raytheon,
Waterloo, Ontario) and sold to DND, while two others were sold
overseas, However, despite the admitted superiority of the equipment,
Canada lost the large and lucrative NATO market which would have
been numbered in the hundreds of units, mainly because the final

decision was not made solely on technical grounds.
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V. FINANCE
Attached in Appendix M is a number of tables relating to
the financial expenditures of the National Research Council over the

past five years,



Science Policy 138

Appendix A

OFFICE CONSOLIDATION
of
NATIONAL RESEARCH COUNCIL ACT

RSC. 1952, c. 239
as amended by
1953-54, cc. 40, 42;
1966, c. 26.

1966
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Qo
Chapter 239.
An Act respecting the National Research Council of Canada. 5::: ;::,,
c.26,s8. 1.
SHORT TITLE.
1. This Act may be cited as the National Research Council tsi‘t']":f
Act. Rep. and
INTERPRETATION. new. 1909,
c.26,s.2.
2. In this Act, Definitions.

(a) “Chairman” means the Chairman of the Committee of “Cheirman.”
the Privy Council on Scientific and Industrial Research;

(b) “Committee” means the Committee of the Privy Council m?:;e M
on Scientific and Industrial Research; 1

(c) “company” means a company incorporated pursuant to “Compsny.”
paragraph (a) of subsection (1) of section 17 and any
company the direction and control of which is assumed
by the Council pursuant to paragraph (b) of subsection

(1) of section 17; p
(d) “Council” means the Council referred to in section 3; ‘I&;“:ﬁ
new. 1966,
c.26,8.3.

(e) “Minister” means such member of the Queen’s Privy gi“i‘:‘;ﬁ"
Council for Canada as may be designated by the Gover- ne,',’: 1966,

nor in Council to act as the Minister for the purposes of c.26,s.3.

this Act; and
(f) “President” means the President of the National Re- ;i;’_'igg“""
search Council of Canada. new. 1966,
(9) Repealed. 1966, c. 26, s. 3. oo
*3. There shall be a Council to be called the National Re- g:‘:g‘l’ii:he d
search Council of Canada. Rep.and
new. 1966,

* Note: The corporation called The Honorary Advisory Council for
Scientific and Industrial Research and the National Research Council of
Canada are declared for all purposes to be one and the same corporation.

Wherever in any Act, order, regulation, deed, contract, lease or other
document, the Honorary Advisory Council for Scientific and Industrial
Research is mentioned or referred to, there shall, in each and every case,
be substituted the National Research Council of Canada. (1966, c. 26, ss. 12
and 13.)

c.26,8.4.
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4. There shall be a committee of Ministers to be called the
Committee of the Privy Council on Scientific and Industrial Re-
search, consisting of a Chairman to be nominated by the Gover-
nor in Council, the Minister, and such number of other members
of the Queen’s Privy Council for Canada as the Governor in
Council may determine, to be nominated by the Governor in
Council.

5. (1) The Council consists of a President, a Vice-President
(Administration) and two Vice-Presidents (Scientific) and not
more than seventeen other members, to be appointed by the Gov-
ernor in Council.

(2) Each member of the Council, other than the President,
the Vice-President (Administration) and the Vice-presidents
(Scientific) shall be appointed to hold office for a term of not
more than three years.

(3) A retiring member is eligible for re-appointment.

(4) There shall be an Executive Committee of the Council
consisting of the President, the Vice-President (Administration),
the Vice-Presidents (Scientific), and at least three other members
selected by the Council.

6. (1) The President is the chief executive officer of the
Council and has supervision over, and direction of, the work of
the Council and of the officers, technical and otherwise, appointed
for the purpose of carrying on the work of the Council.

(2) Subject to the direction and control of the President,
the Vice-President (Administration) has charge of all matters
relating to administration and shall perform such other duties
as the President may from time to time assign to him.

(3) Subject to the direction and control of the President,
cach of the Vice-Presidents (Scientific) has supervision over
such scientific matters and shall perform such other duties as
the President may from time to time assign to him.

(4) The President, the Vice-President (Administration)
and the Vice-Presidents (Scientific) shall receive such salaries
and be employed for such terms of office as the Governor in
Council may prescribe, and such salaries shall be paid out of
moneys provided for the work of the Council.

7. The Council has charge of all matters affecting scientific
and industrial research in Canada that may be assigned to it by
the Committee.

8. (1) The Council is a body corporate, capable of suing
and being sued and having power to acquire and hold real and
personal property for the purposes of and subject to this Act.

(2) Repealed. 1966, c. 26, s. 7.
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9. (1) The Council is for all purposes of this Act an agent Agent of
of Her Majesty and its powers under this Act may be exercised ﬁ“:
s ajesty.
only as an agent of Her Majesty.

(2) Actions, suits or other legal proceedings in respect of Proceedings
any right or obligation acquired or incurred by the Council on by and h
behalf of Her Majesty, whether in its name or in the name of a:,’::,tli "
Her Majesty, may be brought or taken by or against the Coun-
cil in the name of the Council in any court that would have

jurisdiction if the Council were not an agent of Her Majesty.

10. The Council shall meet at least three times a year in Meetings.
the City of Ottawa on such days as are fixed by the Council f}:}": :3;13-
and at such other times and places-as the Council deems neces- 54, c. 42, s. 2.

sary.

11. The Executive Committee of the Council may exercise Powers of
the powers of the Council and shall submit at each meeting of lé::::'t‘;.
the Council minutes of its proceedings since the last preceding

meeting of the Council.

12. (1) No member of the Council, with the exception of Tﬂvelll‘inl
the President, the Vice-President (Administration) and the Vice- ::g:::,:,'
Presidents (Scientific) shall receive any payment or emolument
for his services, but each member shall receive such travelling
and other expenses in connection with the work of the Council

as may be approved by the Governor in Council.

(2) Notwithstanding subsection (1), a member of the Coun- :?em“;“"'
cil other than the President or a Vice-President may, for any ,;:;%e,.,
period during which he performs with the approval of the Coun- for addi-
cil any duties on behalf of the Council in addition to his ordi- ;‘°“.“

. s . uties.
nary duties as a member thereof, be paid such remuneration as New. 1966,

may be authorized by the Council. c.26,8.8.

13. Without thereby limiting the general powers of the Powersof
Council conferred upon or vested in it by this Act, it is hereby Council:
declared that the Council may exercise the following powers,
namely:

(a) to make by-laws for the conduct of its business;

(b) to control and direct the work of the Council through
the President, and, in case of the illness, absence or sus-
pension of the President, or in the case of vacancy in the
office of President, through an Acting President tem-
porarily appointed by the Council;

(c) to undertake, assist or promote scientific and industrial Amended.
research, including, without restricting the generality lgig.?'sm
of the foregoing, N

(1) the utilization of the natural resources of Canada, Rep.and
new. 19;?15)4,
c.42,8. .
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(ii) researches with the object of improving the techni-
cal processes and methods used in the industries of
Canada, and of discovering processes and methods
that may promote the expansion of existing or the
development of new industries,

(iii) researches with the view of utilizing the waste
products of said industries,

(iv) the investigation and determination of standards
and methods of measurements, including length,
volume, weight, mass, capacity, time, heat, light,
electricity, magnetism and other forms of energy,
and the determination of physical constants and the
fundamental properties of matter,

(v) the standardization and certification of the scien-
tific and technical apparatus and instruments for
the Government service and for use in the indus-
tries of Canada, and the determination of the
standards of quality of the materials used in the
construction of public works and of the supplies
used in the various branches of the Government
service,

(vi) the investigation and standardization, at the re-
quest of any of the industries of Canada, of the
materials which are or may be used in, or of the
products of, the industries making such a request,
and

(vii) researches, the object of which is to improve condi-
tions in agriculture;

(d) to have charge of, and direction or supervision over,

the researches which may be undertaken, under condi-
tions to be dctermined in cach case, by or for single
industrial firms, or by such organizations or persons, as
may desire to avail themselves of the facilities offered
for this purpose;

(e) to expend, for the purposes of this Act, any money

appropriated by Parliament for the work of the Coun-
cil;

(ea) to acquire any moncy, sccuritics, or other property by

gift, bequest or otherwise, and to expend, administer or
dispose of any such moncy, sccurities or other property
subject to the terms, if any, upon which such money,
securities or other property is given, bequeathed or
otherwise made available to the Council;

(f) with the approval of the Minister, to appoint such sci-

entific, technical and other officers as are nominated by
the President, to fix the tenure of such appointments,
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to prescribe the several duties of such officers, and, sub-
ject to the approval of the Governor in Council, to fix
their remuneration;

(fa) to authorize the President or any other officer of the New. 1066,
Council to appoint persons to perform duties of a tem- ¢-26,5.9(2).
porary nature for a period not exceeding six months;

(fb) to establish, operate and maintain a national science New. 1966,
library; c.26,8.9(2).

(g) subject to the approval of the Minister, to publish and Rep.and
sell or otherwise distribute such scientific and technical :‘;’e l’:?'z)
information as the Council deems necessary;

(k) to carry on work and manufacturing of an experi-
mental and developmental nature with respect to the
matters referred to in paragraphs (c) and (d) so as
to render the processes, methods or products to which
the said matters relate more available and effective in
useful arts and manufacturing and for scientific pur-
poses and otherwise; and

(1) to license, sell or otherwise grant or make available
to others, Canadian or other patent rights or any other
rights, vested in or owned or controlled by the Council,
to or in respect of any discovery, invention or improve-
ment in any art, process, apparatus, machine, manufac-
ture or composition of matter, and to receive royalties,
fees and payments therefor.

*14. The Minister may authorize the President to approve Delegation.
on his behalf the publication, sale or other distribution by the N;: '1°l°:
Council of scientific and technical information.

15. All receipts and expenditures of the Council are sub- Audit of

ject to examination and audit by the Auditor General. ::;’:‘d"

* Note: The previous sec. 14, which was repealed by 1953-54 c. 40, sec. 15,
provided:

“(1) Every discovery, invention or improvement in any art, process,
apparatus, machine, manufacture or composition of matter made by a
member or any number of members of the scientific and technical staff of
the Council or a company and all rights with respect thereto are vested
in the Council.

(2) The Council, with the approval of the Governor in Council, may
pay to its scientific and technical officers and to others working under its
aulpxcel who have made any valuable discovery, invention or improvement
in any art, process, apparatus, m;chme, manufacture or composition of
matter, f’ush bonuses or royalties as in its opinion may be warranted. 1950,
c. 21,8 7.

The Public Servants Inventions Act, chapter 40 of the Statutes of
1053-54, which was proclaimed in force as of the lst day of June, 1955,
repeals section 14. The Act, however, applies only to inventions that were
made, or for which an application for a patent was made, after June 1st,
1954. Bection 14, therefore, remains in force for all prior inventions.
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16. The President shall, within four months after the termi-
nation of each fiscal year, transmit to the Minister a report of
the operations of the Council for that fiscal year and the Minis-
ter shall cause such report to be laid before Parliament within
fifteen days after the receipt thereof, or, if Parliament is not
then gitting, on any of the first fifteen days next thereafter that
Parliament is sitting.

17. (1) The Council may, with the approval of the Gover-
nor in Council,

(a) procure the incorporation of any one or more com-
panies under the provisions of Part I of the Companies
Act, for the objects and purposes of exercising and per-
forming on behalf of the Council such of the powers
conferred upon the Council by paragraphs (c), (d), (k)
and (z) of section 13 of this Act as the Council may
from time to time direct and all the issued shares of the
capital stock of each such company shall be owned or
held in trust by the Council for Her Majesty in right of
Canada except shares necessary to qualify other per-
sons as directors; or

(b) assume, by transfer to the Council in trust for Her
Majesty in right of Canada of all the issued share
capital thereof except shares necessary to qualify other
persons as directors, the direction and control of any
one or more existing companies incorporated under the
provisions of Part I of the Companies Act all the
issued share capital of which is owned by or held in
trust for Her Majesty in right of Canada except shares
necessary to qualify other persons as directors and may
delegate to any such company any of the powers con-
ferred on the Council by paragraphs (c), (d), (k) and
(2) of section 13 of this Act.

(2) Every company shall keep and maintain such books
and records, in addition to those required by the Companies
Act as the Council may preseribe and shall make such reports
and returns to the Council as the Council may require.

(3) The accounts of a company shall be audited by the
Auditor General.
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NATIONAL RESEARCH COUNCIL OF CANADA

DELEGUE-GENERAL
Dr. L. G. Cook
Program Analyses

Policy Review
Economic Studies

FOOTNOTE: In addition to the five positions at the Vice-Presidential level, the President also has the following positions reporting directly to him:-

PRESIDENT
EXECUTIVE DIRECTOR VICE-PRESIDENT VICE-PRESIDENT VICE-PRESIDENT
(LABORATCRIES) (SCIENTIFIC) (SCIENTIFIC) (ADMINISTRA TION)
Dr. D.W.R. McKinley Dr. W. H. Cook Dr. K. F. Tupper Dr. K. F. Tupper
(ACTING) (ACTING)

Applied Chemistry
Applied Physics

Atlantic Regional Laboratory

Biosciences
Building Research
Mechanical Engineering

Nati 1 Aer siane

Awards Program for
Support of
University Research

Canadian Journals of
Research

International Relations
I N C 1tt.

Establishment

Prairie Regional Laboratory

Pure Chemistry
Pure Physics
Radiation Biology
Radio and Electrical

Engineering

Space Research Facilities

Branch

Secretariat

Industrial Research
Assistance

Technical Information
Service (Ottawa)

Technical Information
Service (Field Ops)

Executive Assistant, Chief of Information Services, and the Secretary of the Council.

13.9. 68

Administration & Personnel
Administrative Pl
Service
Computation Centre
Financial Services
General Counsel
National Science Library
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GRANTS TO UNIVERSITIES
...... R R S A xC R, SN SE I Ds it
Schotarlhips 1 i
and Research
Fellowships Grants Facilities Other Totals
( $ Millions )
1963-64 2.6 8.0 : i g 0.5 12.8
1964-65 3.4 11.9 1.9 0.5 17. 4
1965-66 4.3 15.2 2.0 0.6 22.1
1966-67 55 24.6 8. 0.8 34.6
1967-68 6.9 33.3 6.1 1.5 45.8
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B. A, Gingras, F.C.LC,
Awards Office

National Research Council
Ottawa

T. W. West

Personnel Services
National Research Council
Ottawa

EIC-67-EDUC 4
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To mark the fifticth anniversary of the
National Research Council of Canada's
b olarshi po e g 7

Table 1

with Canada’s Centennial, a survey of
all NRC scholarship recipients during
the period 1917-1966 was conducted,
with a view 1o tracing the careers of these
recipients subsequent to their awards.
Questionnaires were sent to 94% of
award holders and about 90% returned
the completed questionnaires from 46
countries.

In the overall program the Council
awarded some 11,000 scholarships with
a total value of $17 million to 5,378 in-
dividuals, At the inception of its scholar-
ship program in 1917 the Council award-
ed nine scholarships to young
graduate students; this year the Council
awarded 2,171 scholarships, with a value
of $6,562,200.

Of the total sample, 91.2% were male
and 8.8% female. Of the scholars 75.6%
were born in Canada, 2.5% in the
United States, 6.6% in the United King-
dom, and 15.3% in other foreign coun-
tries.

Table 1 shows the distribution by field
of study for the Bachelor's degree.

of all. NRC Scholars by Work
Status 1917-66

Current Work Status Number
Professionally 2,395
Students 1,964
Retired 81
Housewives n
Others 12

The latter three groups will not be
examined in detail because they are rela-
tively small. Eighty-one of the former
scholarship holders have retired. Three
of them hold a Bachelor's degree, 24 a
Master's degree and 54 a Doctor's degree,
of whom seven have had postdoctorate
training. The oldest living scholarship
holder was born in 1887, Their employ-
ment orientation upon retirement is
shown in Table HII. Of the 71 house-
wives, four hold a Bachelor's degree, 42
have a Master's degree and 25 have a
Ph.D. Of the latter, 11 have had post-
doctorate experience. 62% of the house-
wives are located in Canada and 31%
in the United States.

Table I
Distribution of all NRC Scholars by Field of Bachelor’s Degree 1917-66

Field of Study
Chemistry and Chemical Engineering

Percent
284
18.1
177
15.3

8.4
7.0
35
1.6

Appendix E
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Table 111
Retired Sample
o by O
upon Retirement
Percent of the
Orlentation Retired Sample
Teaching 29.0
Basic Research 21.0
Research and Development
177
Applied Research and
it 9.7
General Management 9.7
Prevention and Treatment
of Discases 6.5
Production 32
Others 32

Of the twelve people who reported a
work status other than student, profes-
sionally employed, housewife, or retired,
four were unable to work at their pro-
fession because of ill health, two were
farming, one was a missionary, and five
were unemployed.

Student Sample

Figure 1 shows the growth of the awards
program from 1917 to 1967. It shows
why, from a sample of 4,500 covering
a period of 50 years, over 40% (1,964)
are shown as currently being students.
The average age of the student group,
however, is 26 with only 10 of the group
being over 35 years of age.

Analysis of this group by the highest
degree held shows that 972 hold a
Bachelor's degree, 789 a Master’s degree,
and 203 a Doctor's degree of whom 117
have done some postdoctorate work.

Ninety percent of the students are
men, Seventy-one percent were born in
Canada, two percent in the United
States, seven percent in the United King-
dom and twenty percent in other foreign
countries.

Professionally Employed Sample
The most interesting information to come
from a survey such as this deals with
the group that is currently professionally
employed. Data on this group, represent-
ing several fields of employment and
many geographic locations, provide an
opportunity to look at such things as
Rstion; 3ob ock $ 2

field, and salary levels.

There were 2,395 people in this cate-
gory, 95% were male, 3% married
female, and 2% single female; 78.9%
were Canadian born, 2.6% US, 6.1%
UK., and 124% were born in other
foreign countries.

The average age of the group was 39.
The rapid growth of the program in re-
cent years explains the relatively youth-
ful age of the group (Fig. 1). Three per-
cent of the sample held only a Bachelor's
degree, 20% a Master's, and 77% a

Reprinted from The Engineering Journal, November, 1967
The Journal of the Engineering Institute of Canada
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Ph.D. Of the latter group, slightly over
one-third had postdoctorate training.

Table IV shows the percentages of the
professionally employed sample holding
a Bachelor's degree in the fields in-
dicated.

Table IV
Professionally Employed Sample
Distribution by Field of Bachelor’s Degree
Field Percent
Chemistry 316
Engineering 16.4
Physics 149
General Sciences 10.1
Life Sciences 78
Mathematics 5.6
Earth Sciences 38
Agriculture 32
Animal Sciences 2.7
Plant Sciences 23
Psychology 16

Employment Orientation

In the questionnaire each respondent
was asked to identify his main employ-
ment orit ion. In the final i
teaching accounted for 31.6%, basic re-
search 29.4%, applied research and
development 16.4% and research and
development management 10.4%, with
12.2% distributed over the five remain-
ing orientation choices.

When the individual's first and second
orientations were scanned simultane-
ously, basic research led with 61% stat-
ing that either main or second employ-
ment orientation was in this field. The
only other orientation that approached
the level of basic research was teaching,
which was a main or second orientation
reported by 45% of the sample.

It is of interest here to compare the
reported relationship between teaching
and basic research. From a total of 702
reporting basic research as their main
orientation, 261 reported that their
second orientation was teaching (35.8%).
From a total of 753 reporting teaching
as their main orientation, 568 reported
that their second orientation was basic
research (75.4%).

As might be expected, the highest pro-
portion of those reporting a second em-
ployment orientation occurred with the
teachers (83%).

An analysis of the main employment
orientation for each of the three major
fields of employment: government, in-
dustry, and education is given in Table
V.

It may be easily seen here that each
of the fields dominates one employment
orientation: basic research in govern-
ment, applied research in industry, and
teaching in education.

Employment Location
With the great amount of current dis-

Special Commitiee

Table V
Professionally Employed Sample
by O
Three Main Employment Fields
Industry
Orientation % % %
Research and
Development
Management 12.4 240 16
General
Management 5.3 9.8 30
Basic

Research 53_4 17.5 242
Applied

Research 218 36._9 1.9
Teaching 2_3

cussion on scientific migration and the
“brain drain”, it was of interest to exam-
ine employment location and change of
location in some detail.

As a starting point, the professionally
employed sample was analyzed in terms
of the location of present employment.
The result is shown by country in Table
VI, and by province in Table VII.

Table VI
Professionally Employed Sample
Distribution by Country of Employment—
July-December 1966
Percent

Country of Sample
Canada 74.2
United States 208
United Kingdom 1.9
France 0.3
Other 28

Table VII

Professionally Employed Sample
Employed in Canada—July-December 1966

Comparison of distribution of NRC
Scholars with general population distri-
bution for Canadian Provinces (1961 census)

Percent of
overall
population
Percent of Canada
of NRC located
Scholars in
Province in Province Province
British Columbia 9.4 9.0
Alberta 6.7 74
Saskatchewan 4.7 5.0
Manitoba 34 5.0
Ontario 48.9 34.1
Québec 212 289
New Brunswick 1.9 32
Nova Scotia 31 4.0
Prince Edward Island 0.1 0.6
Newfoundland 0.6 26
‘Yukon-Northwest

Territories 0.1 0.2

Appendix E
-2 -

by p
that the ratio of scholars employed in
British Columbia and Ontario is above
the general population ratio while in all
other provinces it is below.

1f the sample is examined by location
of bachelor graduation, the ratios shown
in Table VIII are obtained.

Table VIII
Professionally Employed
Distribution of Sample by Province of
Gi

Province of Percent
Bachelor Graduation of Sample
British Columbia 132
Alberta 57
Saskatchewan 93
Manitoba 71
Ontario 320
Québec 217
New Brunswick 50
Nova Scotia 59
Newfoundland 0.1

‘When comparing this table with Table
VII, it is interesting to note that British
Columbia, Saskatchewan, Manitoba,
New Brunswick and Nova Scotia have
all graduated a higher ratio of scholars
than their general population ratio but
none has been able to employ as high a
ratio as it trains. Ontario, it would ap-
pear, is the only province that is able
to hire a greater ratio than it trains.
Quebec is very close to breaking even
as it granted Bachelor's degrees to 21.7%
and employs 21.2% of the total sample.

A natural question concerns the per-
centage of those currently employed in
the province where they received their
Bachelor’s degree. Quebec, possibly be-
cause of cultural ties, leads in this
respect. Sixty-two percent of those lo-
cated in Quebec received their Bachelor's
degree there. For British Columbia, Sas-
katchewan, Manitoba, Ontario, New
Brunswick and Nova Scotia the ratio is
approximately 45%, and in Alberta
23%. The numbers employed in the re-
maining provinces are too small to per-
mit comparisons.

Migration
Thirty-six percent of those in the pro-

group
that they had made a major change in
employment location during their ca-
reers. Most of the changes reported were
from one province to another, or one
country to another.

The greatest number of country-to-
country changes occurred between Can-
ada and the United States. However,
this analysis shows that the migration
was not at all unilateral. Most disserta-
tions on the “brain drain” refer to an
irreplaceable loss of Canadian scientific
talent to the United States. Our informa-
tion would indicate that this is not the




case. The results of this survey show that
of the group reporting location changes,
38.0% had moved from Canada to the
United States, while of these, one-third
had returned to Canada.

Extrapolation of this fact indicates
that while, at any given point in time,
20.8% (see Table VI) of our scientific
talent is employed in the United States,
one-third of them are in fact gaining
valuable training and experience which
they will eventually bring back to
Canada. At the present time the net loss
would be about 14%. A number of
respondents added notes to their ques-
tionnaires stating that they had returned
to Canada in spite of the fact that the
move cost them several thousand dollars
in annual salary.

The highest proportion of changes
were reported from province to province
within Canada (41.1%), with only minor
movement (approximately 3% each) re-
ported from Canada to the United King-
dom, the United Kingdom to Canada,
Canada to other, and the United States
to the United States. Without exception
the migration question showed more
people moving from any given Canadian
province than moving to it.

Employment Field

Respondents were asked to indicate
whether their sphere of activity could be
classed as government, industry, educa-
tion, or other. The resulting distribution
is shown in Table IX.

Table 1X
Professionally Employed Sample
Distribution of Sample by Current
Employment Field
Percent

Field of Sample
Government 253
Industry 255
Education 45.5
Other 37

Those indicating “other” were working
mainly in the consulting field with a few
working for private research organiza-
tions,

Of the total professionally employed
sample 21.1% indicated that in the
course of their careers they hud made a
major change in field. Forty percent had
left government; thirty percent industry;
and twenty-five percent education.

The field of education benefitted the
most from those who left government
and industry, with two-thirds of the
government and industry people moving
into education. Of those leaving the field
of education, 39% went to government,
51% to industry, and 10% to other
fields.

Two-thirds of those who had made a
change in field also had made a major

ANNUAL NUMBER OF AWARDS

(CANADIAN DOLLARS)

FIVE YEAR MOVING AVERAGE ANNUAL SALARY
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GROWTH OF THE N.R.C. SCHOLARSHIP PROGRAM

1917-1967
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Fig. 3.

change in location. No information was
gathered on whether these changes were
made simultaneously.

Salary Levels
The questionnaire asked each respond-
ent to give the total of his annual earned
income, including stipends, bonuses, etc.,
and asked for these figures in Canadian
dollars. Over 96% of the respondents
were kind enough to provide this infor-
mation. These salaries ranged from a
low near $4,000 to a maximum near
$100,000, with year of bachelor gradua-
tion going as far back as 1918.
Canadian salary data were first com-
pared with those of the United States
and then were broken down by field and
by location and analyzed separately.
The resultant salary distributions were

the mean salaries for each of the two
years immediately preceding and the two
immediately following, and dividing by
five.)

In Fig. 2, the 5-year moving average
annual salaries for Canada and the
United States are compared, It is easily
seen that for individuals of similar quali-
fications the salary difference is of the
order of $3,000-$6,000 Canadian.

The salaries of those currently em-
ployed in Canada were examined in
more detail. As shown in Fig. 3 salaries
were analyzed for the three major em-
ployment fields. The industry group
leads for the entire 24 year range by
amounts varying from $500 to $1,500.

University and government salaries
are quite close for the first few years, but

smoothed by calculating the S-year
centred moving average and then plot-
ting this against number of years from
bachelor graduation.

(For any one year, the S-year moving
average is calculated by determining the
mean salary for that year, adding to it

the iversi group more
rapidly and leads for the largest part of
the range. Only at maturity levels beyond
23 years does the university curve begin
to drop off and is overtaken by the rela-
tively steadily increasing government
curve,

To obtain salary data by employment

6

Fig. 4.

location the sample was divided into
three geographic sections. a) Quebec,
the Maritimes and Newfoundland; b)
Ontario; and ¢) Manitoba, Saskatchewan,
Alberta and British Columbia. These
curves plotted in Fig. 4 are almost co-
incident. It should be noted however that
for the Quebec, Maritimes and New-
land curve the indi i i
is heavily weighted with the salaries of
those employed in Quebec and does not
accurately reflect Maritimes and New-
foundland salaries. All curves increase
steadily over the first 20 years of the
range at which point the slope of the On-
tario curve tends to drop off. Comparison
with Fig. 3 would lead us to conclude
that the Ontario curve for 20 to 25
years from bachelor graduation reflects
the result of a majority in that range
being employed in the field of education.
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INDUSTRIAL RESEARCH ASSISTANCE PROGRAM

The concept of IRAP was based on a memorandum "Federal Support
on Industrial Research in Canada'" dated 19 October 1961 from Dr. Steacie, then
President of N. R. C., to the Committee of the Privy Council on Scientific and
Industrial Research. This presented a consensus of the views of a number of
senior executives and scientists in research-oriented government departments
and industry as to the relatively small research effort in non-defence areas of
Canadian industry, and the proposed plan for building it up. The Committee
recommended the basic proposal to Cabinet and the program was authorized by
Cabinet Decision dated November 27, 1961, incorporated later in Privy Council
Order 691 dated 14 April 1965. See Attachment 1.

N.R. C. was given the responsibility for administering the Program
and a Committee on Industrial Research Assistance (CIRA) was organized to
review applications and establish operational policies. An organizational block
diagram is shown in Attachment 2. The Chairman and Secretariat are from
N.R.C. and the members from government departments and agencies concerned
with industrial research, production, marketing and finance. They include
Atomic Energy of Canada Limited, the departments of Energy, Mines and
Resources, National Defence, Industry, Trade and Commerce,and Treasury.
The members are at deputy minister level or equivalent and meet as necessary to
consider major changes in policy. Otherwise, senior executives from their
departments attend the regular meetings of CIRA held every four to six weeks

to consider applications.

29009—93
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These members also provide cross representation from the Defence
Industrial Research Program (DIR) of National Defence, and the Program for
Advancement of Industrial Technology (PAIT) of Industry and Commerce.

Liaison is also maintained secretarially with the Defence Development Sharing
Program (DDSP) and the Industrial Research and Development Incentive Act
(IRDIA) Program in Industry and Commerce, to avoid duplication or overlapping.

The N. R.C. Committee on Applied Science and Engineering Research,
consisting of senior executives from industry, university and government, advises
the Council on overall policy governing IRAP and industry itself makes direct
representation to the Council, CIRA and the government.

Proposals from companies may be presented throughout the year and
are reviewed for suitability by the Secretariat, composed of N, R. C. staff
possessing scientific degrees and some industrial experience. Every assistance
is given to companies to present a sound proposal and to ensure it is placed in
the most appropriate departmental program. The proposals are assessed as
to their scientific content, their feasibility and the quality of professional
personnel by scientific advisors to the Committee. These are Directors of
N. R. C. divisions or other government laboratories, who also nominate senior
scier ists from their staffs to act as Liaison Officers on approved projects.

Liaison officers officially make only one visit per year to assess and
report on company progress although companies are encouraged to use their
knowledge and government laboratory facilities as needed. Their reports and
company reports are used by the Committee when considering the annual renewal

of grants. Over 100 liaison officers and many other government scientists have
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been associated with 131 companies over periods of three to five years, leading
to improved communications between government and industrial scientists and
a better understanding of industrial research needs.

In recent years support has been given to university professors
participating directly in IRAP projects or providing guidance leading to the
upgrading of competency of research teams. This also leads to better
communication between industrial and university scientists and a feedback which
may affect university teaching and research. 31 companies presently have 41
professors associated with them, and 42 university students were supported this
year to expose them to industrial research careers.

The Program is experimental in nature and considerable flexibility
is exercised by the Committee in adjusting guidelines and ground rules to meet
industrial needs as they develop, both in long term policy and on the merits of
each case. Every effort is made to avoid red tape, unnecessary conditions
and restrictions, and supervision, direction or policing of projects. All proposals
are considered, and decisions reached within three months of submission, on
an average.

The technical background of a company, its record of competence and
quality, its continuity of interest in research, and the technical capabilities and
accomplishments of its staff are considered in the selection process.

The potential affect on Canadian production and exports, and the
general commercial soundness of proposals also are considered, although the

company's willingness to share half the cost is taken as strong evidence in

this regard.



156 Special Committee

Appendix F
-4 -

Projects which have a bearing on industry-wide or national problems,
in addition to company interest, such as the economic utilization of industrial
wastes as by-products, reduction of water pollution, lowering of consumer costs,
and meeting of higher standards in domestic and foreign specifications, are given
favourable consideration. Large companies wishing to undertake more
sophisticated applied research are encouraged to do so.

Companies that are small, new to research or located in the Western
and Maritime provinces are treated more flexibly to encourage their participation
and regional development.

Until the current year 1968/69, sufficient funds have been available to
support all suitable proposals. Proposals now awaiting further funding have been
given a priority rating by the Committee after weighing the above factors.

Under these circumstances, the committee tends to support companies new to
research rather than companies already receiving support, other considerations
being equal.

Companies renew their applications each year, at which time they may
propose changes in staffing, scope or the objectives of the project, although this
also can be done, if essential, at any time. The Committee assesses progress
and approves continuation as requested, or on a conditional basis subject to
improvement in company performance.

Either party may terminate projects at any time, the Committee
generally doing so because of poor performance, the company because of changes
in company policy or economic conditions and difficulties in financing or staffing

a project. Time is allowed for the project to be wound up and staff to transfer.
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The success of IRAP is measured by its effectiveness in establishing
competent research teams and the creation or expansion of scientific and
technical expertise in companies, primarily to innovate and secondarily to
provide back-up support to development and production teams. Accordingly
the Committee requires that an IRAP project and the people in it are readily
identifiable as such. This creates some administrative difficulties in larger
companies but not of a major nature.

The complete impact of IRAP on the Canadian economy will not be
felt for some years, but several companies have produced commercial
products and processes, as well as scientific papers and patents. The Secretariat
attempts to keep a general record of this but the information is not readily
obtainable and is difficult to evaluate in dollars and cents.

Considerable statistical data has been recorded as to the numbers
and background of scientists in IRAP and the distribution of grants by industrial
fields, size of companies and geographical areas. Attachment 3 includes some
of this material.

In 1965, 138 U.S. A. companies reported R&D expenditures of 10 million
dollars or more, including 29 companies over 100 million dollars. A comparison
(1968 figures) with a medium-size U.S. A. research laboratory, Ford Motor
employing 385 professionals with a 14 million dollar budget of which one half is
for salaries, Northern Electric's central laboratory in Ottawa employing 216
professionals in applied research with a 7. 6 million dollar budget, and IRAP
supporting 450 professionals with a combined company-government budget of
15. 2 million dollars, shows the respective costs per professional in Canadian

dollars as $39, 300, $35, 200 and $33, 800.
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Although showing that IRAP costs are in line, this comparison also
illustrates the gap between the U.S. A. and Canadian research effort.

The Committee has been able to operate effectively within its present
terms of reference, responsibilities and authority. Administration is simple
and, until the current year, funding has been adequate. Acceptance of the
program by industry, in general, has been most favourable although some
companies feel they should have much more freedom to spend the grants as
they see fit within their total research organization, a thought more related to
the successful development of a product than the objcctives of the program.
Accordingly it is felt that the growth of the program has been governed by the
shortage of senior scientists, the time required to build and equip laboratories,
and the availability of company funds to invest in IRAP rather than by any
limitations imposed on the Committee.

However, the overall expenditure in industrial research in Canada
still is generally regarded as undesirably low. If IRAP is to increase its
contribution towards this goal, more government expenditure will be required
to match the further expenditure from the private sector. The Council and its
Advisory Committees have also considered various possible ways of broadening
the concept of IRAP. These include such measures as the support of research
in research organizations, either of their own initiation or on behalf of
companies, the support of operational or systems research projects, and the
contracting of government research requirements such as reduction of
pollution, forest fire protection, étc. to commercial research or manufac-

turing organizations.
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EXTRACT FROM DR. STEACIE'S MEMORANDUM DATED SEPTEMBER 1961
TO THE COMMITTEE ON THE

PRIVY COUNCIL ON SCIENTIFIC AND INDUSTRIAL RESEARCH

THE NECESSITY FOR FEDERAL GOVERNMENT ASSISTANCE

There is no question that Canadian industry is not spending the same
relative amount of money on research as is the case in the United States and
United Kingdom. On the other hand, perhaps the most striking discrepancy is
the relatively small amount of Government financing of research performed in
industry as shown in Table 6. Here Canada is low by a factor of between 10 and
20. The reason for this is a quite simple and quite logical one because of the
very large scale development of expensive weapons in the United States and
United Kingdom. A very large amount of research is carried out in industry in
these countries under Government development contracts. With the relatively
small amount of development of new weapons in Canada it is obvious that the
Government has not the same need for such contracts. In spite of this, contracts
via the Department of Defence Production, Defence Research Board and Atomic
Ercrgy of Canada Limited are of appreciable magnitude. There is no question
tuat such development contracts have been placed in the United Kingdom and in
“Tnited States primarily for defence purposes and to fill a specific need. On the
other hand, they have carried with them an enormous bonus in the building up
of research facilities in British and American industrial firms and this has
resulted in a very large amount of increased spending by industry itself. It
seerns unlikely that further tax concessions or exhortation of industry will
produce an increase of any appreciable magnitude in the spending by private
industry for research and it seems certain that the only way in which the
situation can be rectified is by some form of direct Government financial aid.
On the other hand, there is no question that any financial aid given to industry
to expand its research facilities and performance must be on a selective and
matching basis. No permanent impression will be made on industry unless it
is spending its own money on research.

HOW CAN FEDERAL FINANCIAL AID BE USED TO STIMULATE INDUSTRIAL
RESEARCH?

To a degree an increase in development contracts as at present
carried out under the auspices of the Department of Defence Production, the
Defence Research Board and Atomic Energy of Canada Limited cannot fail to
have a beneficial effect. However, it would appear that direct aid to companies
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xpanding research for their own purpose is essential. If such aid is given it is
very important that it be given through a source experienced in the problems of
supporting research rather than through a high-level council of industrialists
who might well have little experience in industrial research. In fact one of the
main problems is to convince management of the need for industrial research.
If Federal funds are to be awarded in the form of grants there will certainly be
many difficulties in administration. The body administering the grants must
pick and choose among firms making submissions, must try to sell the program
to firms capable of making use of it, and must be able to assess the scientific
feasibility of the project, and above all the attitude of management. Actually the
problems are not too different from those associated with making ''grants in aid"
to universities and in view of the National Research Council's 45 years of experience
along these lines, it is recommended that any scheme of industrial research grants
be set up under the National Research Council. If such a policy were adopted the
Council would, of course, set up a variety of advisory committees with representa-
tives from industry and other federal Government organizations to help in making
decisions. It is, of course, possible to set up the scheme with respons ibility
placed in the hands of other Government organizations, and the interests of the
Treasury and the Department of Trade and Commerce must be considered.
However, our experience in handling'grants in aid"has convinced us of the
desirability of placing responsibility for the success of the program firmly in the
hands of one organization, even if much power is delegated to coordinating or
advisory committees.

The experience of those agencies which have given out development
-ontracts has shown that there is a great deal of difficulty in monitoring such
‘ontracts in a detailed financial way. If assistance is being given for projects of
the industry's own choice these difficulties will become even greater. The only
successful method of operating such a scheme would be to avoid driving a hard
bargain, since this will not be attractive to industry and since it will almost be
impossible to sort out real costs. At the same time it is essential that roughly
half the cost be borne by industry itself. It is suggested that an easy way to do
this would be for the Government to agree to finance salaries and wages for
expanded research programs, and to leave it to industry to pay all equipment and
overhead costs. This would probably work out at an approximately equal
distribution of expenditures. It is suggested that such grants be on an outright
basis, and that there should be no strings on patent rights, etc.

It is, therefore, recommended that the Government take as a long-range
objective the matching of industrial research expansion up to say a limit of
$50,000, 000 or $100,000,000 a year to be reached within five to ten years, and
that this develop somewhat slowly at the start. If anything along these lines is
done it is essential that it be on a long-range basis, and there must be continuity.
The industry must be assured that provided the work done is good, aid will be
forthcoming over a period of from five to ten years, since a team cannot be built
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up in an atmosphere of uncertainty. Also the terms of such grants must be care-
fully defined so as to exclude market research, technical sales and minor types
of product development for specific customers. In short, the aim must be to
build up real and permanent applied research and development competence rather
than customer service or trivial modification of gadgets or products.

This memorandum is the result of discussions with a variety of
Government agencies concerned with research and with a number of senior
executives in Canadian industry. The ideas are in particular the joint ones of
Dr. C.J. Mackenzie, Dr. A.H. Zimmerman, Dr.J.L. Gray and myself. We all
feel it is important that something be done to improve the Canadian position in
industrial research. There has been much discussion going on about this. Briefs
are being submitted by various organizations to the Glassco Commission and else-
where and it is felt that it would be highly desirable for the Government to take
positive action now rather than to defer action until it is forced into some sort of
industrial research support in a rush. It is necessary certainly to proceed some-
what slowly. However, the matter has been under discussion for a long time and
we appear to be gradually arriving at a fair degree of unanimity as to what is
necessary and how it should be carried out. It is important that no further delays
should occur and that something should be done immediately to offset our grave
deficiencies in research in industry. The whole thing must be tackled on somewhat
the same basis as the university grants of the National Research Council when they
were started 45years ago. We must aim at building up real technological com-
petence in Canada and it is essential to recognize that this can only be done by
continuous support and that it will be five or more years before the impact on our
economy will be fully realized.

THE TIMING OF THE PROGRAM

The limiting factor in the development of such a program is the
availability of staff. This means two things: the recruiting of experienced people,
say from 30 years of age and up, and the hiring of recent graduates with master's
or doctor's degrees. In both fields there will be difficulties. The whole object of
the scheme is to increase the number of research workers in Canada. Nothing will
be gained if companies recruit staff mainly by taking them away from other com-
panies, Government laboratories, or universities. As a result it would be unwise,

and in fact impossible to proceed too fast. For this reason, it is felt that a maximum

of $2,000,000 could be used in the first year, although it would be helpful to be able
to make commitments for the following years. It is therefore recommended that a

sum of $2, 000, 000 be made for the first year on the understanding that supplementary

estimates might be submitted if the program went exceptionally well. In view of the
negotiations required to get things started no provision need be made for the
remainder of the current fiscal year, but it would be essential to be able to make
commitments for 1962-63 immediately. The requirements in further years would
depend on the rate of development of the program. It is suggested that eventually
$5,000,000 to $10,000,000 a year in new grants might be awarded. This would
mean an annual Government commitment which would rise to $50, 000, 000 to
$100,000, 000 per year.

E.W.R. Steacie, President,

September, 1961. National Research Council.
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MEMORANDUM TO CABINET

At a meeting on October 2, 1961, the Committee of the Privy Council
on Scientific and Industrial Research considered a submission on government
aid to stimulate research and development in industry. ("'Research and
development'' is being used here in such a way as to exclude technical sales,
market research, minor product changes, etc.)

(1) It was the unanimous opinion of the Committee that the relative magnitude

of the research effort carried out in the laboratories of industrial firms in Canada
was far below that in the United States and the United Kingdom; and that not only
was industry itself spending less on research, but also that the government
financing of research and development in industry is, relative to Gross National
Product, below that in the United States and the United Kingdom by a factor of

15 to 20.

(2) It was agreed that financial assistance by the government was essential

to stimulate a build-up of competent research teams in industry. It was also
agreed that further progress cannot be made by tax concessions, and that some
form of direct financial assistance was essential.

(3) If such aid is given it is essential that:

(a) It should be on a matching basis with industry contributing
at least half the cost of any project.

(b) There should be a reasonable assurance of continuity so that
research teams may be built up.

(c) That projects submitted by industry should be judged on their
merits and on the competence of the existing or proposed staff.
Any across-the-board scheme would be too expensive, and would
defeat its own purpose. The purpose of the scheme is to establish
a number of competent research teams in industry each year over
a 10 year period. If this can be done the whole complexion of
Canadian industrial research will be changed.

(d) That decisions on the award of financial aid be made by
committees of people competent in applied res¢arch and development.

(e) That projects should preferably be those in which industry is
itself interested, and that all rights arising out of the work done be
the property of the company concerned. Unless a generous attitude
in this regard is taken it is unlikely that industry will be interested
in accepting aid.
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(f) That such a program must be built up carefully because of the
necessity of recruiting competent staff without disturbing other
work which is already in progress, and also to surmount the very
considerable administrative difficulties envisaged.

(g) That industry be consulted on detailed matters of procedure
before any scheme is initiated.

(4) To give effect to the above considerations it is recommended:

(a) That the program be initiated immediately under the National
Research Council on an experimental basis. The Council would
appoint committees of experts from other government organizations
and from industry.

(b) That a sum of $2,000,000 be made available to the National
Research Council for this purpose in 1962-63 estimates.

(c) That industry be invited to apply to the National Research
Council for research assistance for specific projects of interest

to themselves, Tentatively it is proposed that such assistance be
on a matching basis with the government paying salaries and wages
and industry paying all other costs,

(d) If the scheme is a success its fairly rapid expansion would be
contemplated.
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RECORD OF CABINET DECISION

Meeting of November 23rd,1961.

Government aid to stimulate research and development
in industry

The Cabinet agreed that financial
assistance be made available for research by
industrial firms in Canada on the following
basis:

(a) the assistance would be on a matching
basis, with industry contributing at
least half the cost of any project;

(b) the general purpose of the scheme
would be to establish a number of
competent research teams in industry
each year over a period of years, and
the research and development projects
submitted by industry should be Jjudged
on thelir merits with this general purpose
in mind;

(e¢) that a sum of $1,000,000 be provided for
this purpose in the 1962-63 estimates
of the National Research Council;

(a) that the programme be initiated by the
National Research Council on an experimental
basis after consultation with industry on
matters of procedural detail;

(e) that decisions on the award of financial
aid be made by committees of people
competent in applied research and development,
and that as necessary the Council should
establish committees of experts from
departments or agencies of the government
and from industry; and,

(r) that rights arising out of the research
projects would be the property of the company
concerned.
Registrar of the Cabinet.

Privy Council Office,
November 27th,1961.
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CANADA

PRIVY COUNCIL

AT THE GOVERNMENT HOUSE AT OTTAWA
WEDNESDAY, the 1l4th day of APRIL, 1965.

PRESENT:
HIS EXCELLENCY
THE GOVERNOR GENERAL IN COUNCIL.

His Excellency the Governor General in Council,
on the recommendation of the Chairman of the Committee
of the Privy Council on Scientific and Industrial Research,
pursuant to any enactment of the Parliament of Canada for
defraying the several charges and expenses of the public
service from and after the first day of April, 1965, that
provides for payments in respect of Assistance Towards
Research in Industry, is pleased hereby to approve the
following terms and conditions which are to govern the
National Research Council's industrial research assistance
programs:

l. Financial assistance is to be given to assist industry
in establishing competent research teams for
relatively long-term applied research projects in
science and engineering which offer reasonable
potential for achieving major advances.

2. Assistance is to be confined to companies incorpora-
ted in Canada and to research to be carried out
in Canada.

3¢ Financial assistance is to be granted to companies
only after their applications have been approved by
the Committee on Industrial Research Assistance of
the National Research Council.

4, The costs of projects are to be shared on the basis

of approximately equal contributions by the National
Research Council and industrye.

e 2
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Grants are to be made annually on a fiscal
year basis, subject to the provision of funds
by parliamentary vote, and any unspent balance
is to lapse at the end of the fiscal year.

Matters of administrative procedural detail are
to be determined by the Committee on Industrial
léeseax;;h Assistance and the National Research
ouncil.

No patent or property rights shall accrue to the
Government of Canada as a result of a research
project.

CERTIFIZD TO DX A TRUE COPY

CLERIZ OF THT FOIY Coericiv




or

OTHER R 8 D FUNDS

DIR Department of
Mational Defence

DDSP)) Department
PAIT ’
IRDIA

TREASURY
OFFICE

NATIONAL RESEARCH COUNCIL OF CANADA]

financial aedministration

COMMITTEE
ON
INDUSTRIAL RESEARCH

Senlor Government Exectives

odvice on policy

scientific  advice

COMMITTEE ON

APPLIED SCIENCE AND
ENGINEERING RESEARCH

Senlor Exectives From Industry,

SECRETARIAT

NRC  Administrators

COMPANIES

Senior Exectives
and
Directors of Ressarch

with
Science Degrees

sclentific  llalson

scientific

SCIENTIFIC ADVISERS

Directors of Government

end Laboratories

NRC INDUSTRIAL

RESEARCH ASSISTANCE PROGRAM

LIAISON OFFICERS

Senior Scientists
in
Government Laboratories

Z juawyoeny
g xipuaddy

Koroq esusiag

491



168 Special Committee

Appendix F
Attachment 3
S I

CRCV/TH OF PROGRAM
[.RC. INDUSTRIAZL RESEARCH ASSISTANCE PROGRAM

500

450

400 |- A - APPLICATIONS (TOTAL)

B - APPROVED (TOTAL)
350 | C - REJECTED(TOTAL)

e
1962 1963 1964 1965 1966 1967 1968
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TABLE 1
CUMULATIVE TOTALS OF COMPANIES RECEIVING GRANTS
SIZE OF COMPANY AND GggGRAPHICAL DISTRIBUTION
April 1962 to September 1968
PROVINCE [, 199 or Less| 200 to 299 '1000 or More Total Associations | Overall
{ Employees Employees Employees || Companies Total |
B.C. 2 2 5 9 1 10
ALTA 3 1 3 7 2 9
SASK 1 0 0 1 0 1
MAN ' 1 0 3 1 5
ONT 31 10 28 69 1 70
QUE 9 9 15 33 3 36
N.B. 0 1 X 2 0 2
TOTALS 48 24 52 124 8 132
mcameui‘s 39% 19% 2% 100%
TABLE 2

APPLICATIONS FOR ASSISTANCE (BY FISCAL YEAR)

Received

Withdrawn by
Company

Pending
Reviewed
Approved

% Approved

29009—103

1962/63 1963/64 1964/65 1965/66 1966/67 1967/68  1968/69

124

123
78
63%

30

28
22
9%

57

4
53
44
83%

38

33
27

82%

34

33
32
9%

54

47*

87%

(To July 1968)

10
0
2
8
6

75%

(*2 subject to availability of funds 1968/69)
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FINANCTAI. SUMMARY
FUNDS_APPROVED 1962/63

Cominitment Aathority -

Funds Provided 1,200,000
Committed 843.922
Expended 537,318
Percentage 64%
Renewals -

No. of Renewals

AVERAGE ANNUAL COSTS OF PROJECTS

1962/63
Average Grant 13,500
Est. Company Cost 13,400
Total 26,900
Actual NRC Support 8,700
Actual Company Costs 14,800
Total 23,500
Maximum Annual Grant 70,300
Minimum Annual Grant 6,000

Est. Months Duration

_ABLE 3
1963/64 1964/65 1965/66 1966/67 1967/69 1968/69
(To July 1968)
- 3,000,000 4,500,000 6,000,000 6,900,000 7,300,000
2,400,000 2,700,000 3,500,000 4,500,000 5,700,0C0 6,100,000
2,093,100 2,981,233 4,246,500 5,293,600 6,361,600 7,147,400
1,603,605 2,171,269 3,306,262 4,198,994 5,036,849
1% 73% 78% 79% 80%
1,646,100 2,440,400 3,543,900 4,604,000 5,487,450 6,233,400
60 79 105 122 122 138
TABLE 4
1963/64 1964/65 1965/66 1966/67 1967/68 1968/69
(To July 1968)
25,000 26,800 30,000 35,100 42,400 41,600
24,900 33,500 39,300 41,700 56,600 53,300
49,900 60,300 69,300 76,800 99,000 94,900
19,100 19,200 23,500 27,800 32,000 -
23,500 39,300 32,600 41,700 43,000 -
42,600 49,500 56,100 69,500 75,000 -
99,700 115,000 147,500 215,000 322,000 292,800
6,000 3,900 4,200 4,700 5,800 7,900
37 42 52 50 55 58

-¢=
€ JuUIaWYdeRY
4 xipuaddy
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TOTAL PROGRAM
NO. NRC COMPANY
DATE  PROJECTS SUPPORT _COSTS TOTAL
1 Jun 1963 74 7,412,000 (51%) 7,193,000 (49%) 14,605,000
1 Jun 1964 98 11,200,000 (47%) 12,675,000 (53%) 23,875,000
1 Apr 1965 122 13,314,305 (46%) 15,601,198 (54%) 28,915,503
1 Apr 1966 159 19,389,826 (44%) 24,454,346 (56%) 43,844,172
1 Apr 1967 188 22,962,895 (44%) 29,001,404 (56%) 51,964,299
1 Apr 1968 223 30,594,767 (42%) 41,540,436 (58%) 72,135,203
1 Jul 1968 254 37,293,331 (43%) 49,544,197 (57%) 86,837,528
ACTIVE -
1 Jul 1968 172 32,474,232 (43%) 42,508,803 (57%) 74,982,535
COMPLETIONS AND TERMINATIONS TO DATE (1 July 1968)
80 4,819,099 (41%) 7,035,894 (59%) 11,854,993

Note:

68 of the 131 companies involved in IRAP were new to research and 44 of them
currently in IRAP have created 300,000 sq. ft. of laboratory space, employ
197 professionals including 52 Ph. D. 's, and are spending a total of 6 million
dollars on applied research in 1968/69.

The remaining 43 companies had previous research experience. Between
January 1962 and December 1967 they have expanded laboratory space from
930,000 to 1,650,000 sq. ft. (77%), increased total capital investment in
research buildings and equipment from 3L 3 million dollars to 74 million
dollars (136%), increased annual research operating expenditures from a
total of 25. 3 million to 58. 6 million dollars (135%).
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TABLE 6
ANNUAL. GRANTS ($000's)
ACTIVE PROJECTS
1962/63
INDUSTRY 1963/64  1964/65 1965/66 1966/67 1967/68  1968/69*
FOOD & BEVERAGE 325%6 290.1 399.7 447.4 619.7 642.6
RUBBER 189.0 215.0 290.0 474.2 558.0 575.9
TEXTILE 28.5 61.6 115.7 114.0 57.9 88.0
WOOD 63.2 128.0 175.8 205.0 231.4 239.5
PAPER & ALLIED
INDUSTRIES 198.1 149.5 204.1 475.1 776.6 865.1
PRIMARY METALS 202.3 282.1 356.0 272.5 346.1 342.9
METAL FAGSRICATING 128.2 104.5 36.2 24.4 70.6 139.4
MACHINERY 128.3 112.1 232.7 379.5 400.4 361.8
TRANSPORTATION
EQUIPMENT 31.4 36.6 36.5 - - 80.8

ELECTRICAL PRODUCTS S11.1 433.0 578.9 655.6 674.8 860.3
NO -METALLIC MINERALS 154.8 118.6 214.2 276.3 435.2 404.2

PETROLEUM & COAL

PRODUCTS i % ¢ 54.5 101.3 111.2 110.7 141.4

CHEMICAL & CHEMICAL

PRODUCTION 532.0 529.5 877.1 1063.8 1190.8 1345.8

PHARIIACEUTICALS 311.0 394.6 = 495.2 645.0 598.3 875.4

OTiER MANUFACTURING 62.7 71.5 133.1 149.6 191.2 184.3
TOTAL 2937.2 2961.2 4246.5 5293.6 6361.7 T147.4

Note: IRWP companies are mostly in fields other thanm aircraft and electronics,
whosc applications are directed genmerally towards DIR and PAIT.

65% of IRAP funds have gone to the chemical, rubber, drugs, petroleum,

food, paper and wood industries. In 1965, this represented over 90%
of the government applied research support received by these industries.

* July 1968



(for current projects only on date shown)

Science Policy

TABLE 7

TOTAL POSITIONS

Date Professional Technician
1 June 1963

Created 200 121

Filled 143 (71%) 88 (72%)
1 June 1964

Created 266 176

Filled 214 (80%) 162 (92%)
1 October 1965

Created 389 294

Filled 286 (76%) 209 (75%)
1 September 1966

Created 412 316

Filled 357 (87%) 271 (86%)
30 June 1967

Crouted 431 357

Filled 377 (87.5%) 312 (87.4%)
20_June 1968

Created 505 395

Filled 448 (88.7%) 346 (87.6%)

Note: 705 professional
DBS reports show
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Student

33
28 (85.7%)

49
34 (69.4%)

321
231 (72%)

442
376 (85%)

683
495 (75%)

728
628 (86%)

821
T17 (87.3%)

949
828 (87.3%)

and 541 technician positions have been created by IRAP.

that scientists and engineers engaged in applied re-

search increased from 1148 in 1963 to 1673 in 1965, an increase of 45.5%

as compared to 1.8% in basic research and 7.7% in development.

contributed one-third of this 45.5% increase.

D3S reports also show that Ph.D.'s engaged in RSD in manufacturing

industries increased from 514 in 1961 to 739 in 1965, a total of 225
of 44%. IRAP companies accounted for 125, of which 90 were supported

by IRAP. IRAP projects now support 140 Ph.D.'s, an increase of 55%

in 2% years.

IRAP
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ORIGIN OF PERSONNEL ENGAGED ON SUPPORTED PROJECTS

Transfer from within firm
Recruit from Canadian industry
Recruit from U.S. industry
Recruit from U.K. industry
Recruit from other industry
Recruit from University

Recruit from Technical Institute
Recruit from School

Origin unknown

TOTAL

30 June 1967
246 (34.4%)
138 (19.2%)

13 (1.8%)

18 (2.5%)

29 (4.0%)
172 (24.0%)

32 (4.5%)

29 (4.0)

_40  (5.6%)
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30 April 1968

288 (38.2%)

153  (20.4%)
9 (1.2%)
23 (3.1%)
39 (5.2%)

162 (21.5%)
32 (4.2%)
19 (2.5%)
_28  (3.7%

753
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LISTING OF RESEARCH PROJECTS

To accomplish its goals the NRC has one program
covering all matters related to science and engineering.
This program is supported by four main activities or
sub-programs which, though separable in principle, are
to some extent intermeshed. These are respectively,
assistance to the universities, assistance to industry,
general administration and promotion in support of research,

and intramural research.

This Appendix lists the intramural projects of the
Divisions which together make up the sub-program of
intramural research. Included in the compilation, of
course, are a number of projects in which the intramural
activity interacts more or less strongly with the university

and industrial programs.

There are a number of ways in which the information
could be tabulated. It could be done by discipline but modern
research methods tend to blur the conventional lines between
disciplines. One might better attempt to trace the thread of
an identifiable activity through the disciplinary and administrative

structure. This is not always an easy exercise, though it is
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actually being followed in the current re-alignment of
intramural activities. We should eventually be in a
position to present our program in such a manner.
For the present, though, a listing by Divisions as they
are now constituted seems to be a reasonable and

useful compromise.

The internal structure of most of the Divisions is
made up of groups of research workers known unofficially
as Sections. Usually a Section will be involved in one
specific and identifiable part of the Division's activity,
though it is not uncommon for several more or less
loosely related projects to be going on within a given
Section. Co-operative and complementary projects are
often undertaken involving two or more Sections, either
within the same Division or in different Divisions. The
administrative structure in NRC is largely vertical, but
the control and guidance of the scientific program is both

vertical and horizontal.
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A

Division of Applied Chemistry i

L

. g I

Analytical Chemistry E

(a) Emission spectroscopy of inorganic materials ¥

(b) Gas chromatographic and infrared analysis of fl

organic mixtures E

(c)  Analytical chemistry of thorium and associated i\d
rare earths

S

(d) Ion exchange resins and spectrophotometric methods 'Ir{

in inorganic analysis v

(e) X-ray fluorescence inorganic analysis

Chemical Engineering

(a) Separation of suspended solids in liquids by inclined
settling and spherical agglomeration

(b) Separation of substances in solution by membrane
permeation

(c) Studies on physical and chemical properties of
fluidized and spouted beds

(d) Solid state inorganic chemistry

(e) Separation of solids in packed fluidized beds

Colloid Chemistry
(a) Dielectric properties of polar molecules

(b)  Applications of differential vapor pressure
measurements

(c) Stability characteristics of suspensions
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[ieEFaRION
(a) Oxidation of metals
(b) Electrochemistry of corrosion
(c) Electron Diffraction and microscopy

(d) Metallography

High Polymer
(a) Ionic and radical polymerization mechanisms
(b) Characterization of polymer solutions
(c) Lignin reinforcement of rubbers

(d) Molding and testing of rubbers

High Pressure
(a) P.V.T. properties of vapors and liquids
(b) Accurate measurement of high pressures
(c) Chemical kinetics

(d) Properties of high pressure phases (dielectric,
X-ray, thermodynamics, etc.)

(e) Far infrared spectroscopy

Hydrocarbon Chemistry
(a) Oxidation of liquid hydrocarbons
(b) Reactions of phenols and amines with peroxy radicals

(c) Organic synthesis
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Kinetics and Catalysis

(a) Atomic and free radical reactions in the
vapor phase

(b) Catalytic processes in hydrocarbon chemistry

(c) Electron spin resonance spectroscopy

Appendix G
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Division of Applied Physics

High Temperature Research

Determination and analysis of the transport
properties of solids at high temperatures.

Acoustics
(a) Noise control in industrial machines
(b) Audiometric techniques and calibration
(c) Acoustic absorbers
(d) Hearing conservation — ear defended development
(e) Studies of molecular structure using ultrasonic
methods
Standards
The development and maintenance of calibration
services in the fields of acoustics, colorimetry,
electricity, mechanics (length, mass, hardness,

etc.), optics, temperature, time, X-ray and
nuclear radiations.

Neutron Physics

(a) Development of neutron source standard
(b) Studies of energy distribution from radioactive
neutron sources
Photogrammetr
ZNCORTSBEReLEY

(a) Systematic investigation of limiting factors in
photogrammetric accuracy

(b) Application of digital techniques to the analysis
of aerial photographs

naoru<kny OUE- U
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Photogrammetry (cont'd.)

(c)

(d)

Development of Analytical Plotter and of a precise
monocomparator

Development of a system for the production of
orthophotographs. Includes a new type of
orthoprojector, contouring table and facilities
for automatic contouring and shading.

Radiation Exposure Measurements

Optics

Development of equipment for measuring low and
medium energy x-rays and gamma-rays and
development of a total energy calorimeter for
Cobalt 60 sources

Research on photometry and color vision; design
and calibration of instrumental optics; diffraction
optics, aimed at enhancing instrument resolution.

Appendix G
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Atlantic Regional Laboratory

The following projects are basic in nature, but are grouped
under headings which indicate the field in which application may

occur.

Food Production

(a) Chemistry of seaweed polysaccharides; cultivation
and drying of seaweeds

(b) Ecology, biochemistry, and physiology of marine algae
(c) Taxonomy of peat mosses; biosynthesis of lichens

(d) Production of toxic substances by fungi isolated from
Nova Scotian pastures

(e) Biosynthesis of lignin and related compounds
(f) Growth of phytoplankton organisms in pure culture
(g) Photosynthesis by marine algae

(h) Metabolism of aromatic compounds by higher plants

(a) Chemistry of psychotomimetic compounds

(b) Chemistry of aminochromes and catecholamines
(c) Biosynthesis of antibiotics by actinomycetes

(d) Spectral studies of hydration of ribonucleic acids

(e) Metabolic control of biosynthesis in fungi
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29009—11

(a)

(b)

(c)

(d)

(e)
(f)

(8)

(h)

Studies of liquid silicates and molten salts at
high temperatures

Kinetics of decarbonization of liquid iron-carbon
alloys and of liquid iron-sulphur alloys

Synthesis of aromatic compounds by the Diels- Adler
process, and temperature effects in the substitution
reactions of aromatic compounds

Reactivities of the hydroxyl groups of carbohydrates

Hydrogen bonding in ice and water

Electrochemical studies on inorganic compounds at
high temperatures

Determination of gases in metals by isotopic dilution

Determination of the structures of natural products
by spectroscopic methods

o
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Division of Biosciences

Food Research

(a) Effects of freezing and storage on the biochemistry
and quality of foods

(b) Refrigerated transport
(c) Chemistry of milk

(d) Meat biochemistry

(e) Fluoride in food

(f) Fat chemistry

Biometrics
(a) Agrometeorologicél stu&ies
(b) Sensory comparison tests

(c) Numerical taxonomy of bacteria

Animal Physiology
(a) Acclimatization to cold

(b) Physiology of flight in birds

Plant Physiology
(a) Photosynthesis

(b) Translocation of photosynthetic products

(c) Toxic algae

nEHOAOZBE~OLO0O~W
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Chemistry of Natural Products

(a) Properties of polysaccharides of plant origin

(b) Polysaccharides of microbial origin — relation
between chemical structure and immunological
reactions

nuEOZE~Q0VO0O~w

(c) Lipids of plants

Cell Biology

(a) Morphogenesis of plant cells

(b) Production of biological fibres - celluloses, chitin
and keratin

(c) Structure and synthesis of plant cell components
(d) Organization and development of yeast cell wall
(e) Structure of ribosomes

(f) Effects of freezing on cellular components

Protein Studies
(a) Egg-yolk proteins
(b) Blood lipoproteins and glycoproteins
(c) Protein synthesis
(d) Structure of hemoglobin

(e) Glycoproteins from plasmas

Microbiology

(a) Structure and metabolism of halophilic and
psychrophilic bacteria, and of yeasts

(b) Lipids of microorganisms

29009—113
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Microbiology (cont'd.)

(c) Proteases of microorganisms

Radiation Biology

Effects of ionizing radiations on animal cells

Appendix G
32
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Division of Building Research

Building Materials Research

(a) Paints and protective coatings

(b) Concrete, unit masonry and mortar

Building Services

Environmental aspects — heating, cooling and humidity
control, together with mechanical services including
water and drainage system.

TQ@PEHOEE QZ~0OC-Cw

Building Structures

Studies of buildings in relation to snow and wind loads,
and assistance in preparing codes and standards.
Building Physics
Applications of physics to building problems, with
emphasis on vibrations and acoustics
Fire Research
Studies of combustion of materials, fire behaviour
in buildings, extinguishment of building fires
Snow and Ice

Studies of formation, growth and break-up of ice
as it affects buildings, harbors, bridges, towers, etc.

Soil Mechanics

Studies of the fundamental behaviour of soils, and
investigation of improved foundation design and
construction techniques
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Building Practice

(a) The provision of technical advice to the building
industry

(b) Housing studies — assistance to CMHC in their
program of acceptance of materials and equipment
and methods for construction under the National
Housing Act

(c) Provision of services for the Associate Committees
on the National Building Code and National Fire Code

(d) Regional services — stations at Halifax, Saskatoon,
and Vancouver to provide advice to those concerned
with building in these areas.

noX» oM QZ~0r—aw
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Division of Mechanical Engineering 2

H

Hydrodynami o
Sydrodynamics N
(a) Coastal engineering, river hydraulics, sedimentation, (!:
ice in rivers, wave studies A

(b) Propeller and hull studies, steering and rough water B
characteristics E

N

Thermodynamics CI;
(a) Study of thermally ionized gases I;
(b) Aerodynamic studies of gas turbine components i
(c) Boundary layer studies 1
VTOL Aircraft Propulsion Systems Ic\];

(a) Optimization of turbo fan engine cycles for VTOL
applications

(b) Interaction effects between intakes, nozzles, and
environment

(c) Experimental studies of engine intakes

Fuels and Lubricants

(a) Low temperature gear lubricants

(b) Long term storage of hydrocarbon fuels
(c) Filtration of aviation fuels

(d) Steam turbine lubricants

(e) Solid lubricants



190

Special Committee

Appendix G

Railway Transportation
(a) Gas turbines for locomotive traction
(b) Air brake studies
(c) Effect of ice and snow on traffic control systems
(d) Freight car design

(e) Lubricating oils for diesel locomotives

Medical Instrumentation

(a) Vascular suturing instruments and techniques

(b) Instrumentation for neurosurgical procedures

Control Systems
(a) Optimization control of pyrometallurgical processes
(b) Human factors in engineering

(c) Biological control systems

Air Transportation

(a)  Aircraft icing
(b) Study of bird collisions with aircraft

(c) Cold weather refuelling hazards

Fra-Z>Iomz
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¢ : i A

National Aeronautical Establishment T

I

Flight Research [¢]

N

(a) Airborne simulation of VTOL & STOL aircraft, A

using a specially converted helicopter L

(b) Cooperation with Geological Survey on high resolution A

airborne magnetometry E

R

(c) Studies of atmospheric turbulence O

N

(d) Continuing development of Crash Position Indicator A

and accident data recorder U

T

(e) Assessment of potentialities of air cushion vehicles 1

in arctic areas C

A

(f) Cooperative studies on the uses of aircraft in L
agriculture and forestry

E

S

Low Speed Aerodynamics ¥

A

(a) Long-term research projects in aerodynamic design B

L

(b) Assistance related to design and operational problems 1

in the Canadian aircraft manufacturing and air transport S

industries H

M

(c) Aerodynamic investigations of a non-aeronautical nature E

i.e., related to bridges, towers, ships superstructures, N

etc. T

High Speed Aerodynamics

(a) Long-term studies of boundary layer flows and
hypersonic flow

(b) Specific investigations for the aerospace industry,
including extensive studies of rocket vehicle problems
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Unsteady Aerodynamics

(a) Development of free flight techniques to study models
performing in simultaneous motion in several degrees
of freedom

(b) Aerodynamics of sounding rockets

(c) Gas phase reaction kinetics

Structures and Materials_

(a)  Aircraft response and load statistics — program to
record velocity, acceleration and altitude and load
counts data for a number of Canadian built aircraft

(b)  Structural analysis and optimization, with emphasis
on airframes and rockets

(c) Research into the properties of materials used in the
aerospace industries, and including evaluation of the
oxidation resistance of superalloy coatings

(d) Studies of structural fatigue, and the development of
techniques in fractographic analysis
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o : R

Prairie Regional Laboratory A

I

Microbiology l:‘
Directed towards selecting specific strains of &
organisms and growing them to produce enzymes, antibiotics, R
amino acids, etc. Examples of projects are: E
G

(a) Development and patenting of a system of continuous 1
synchronous fermentation O

N

(b) Development and patenting of a process for producing A
glyco-lipids L

(c) Study of the mechanism of obligate parasitism in L
bacteria A

B

(d) Isolation of cholesterol from a microorganism and (o]
study of its effects on temperature sensitivity and R
permeability of cell membranes A

i

(e) Isolation and purification of enzyme systems involved (e}

in breakdown of carbohydrates and phenolic materials R

by microorganisms Y

(f) Studies on the production, structure and biosynthesis
of microbial products, that have growth promoting or
antibiotic activity

(g) Study of cell structure in relation to localization of
functions

(h) Investigations of cell wall constituents and their break
down by enzyme systems

(i) Breakdown of flavonoid materials by microflora in
the rumen

(§)] Studies on nitrogen fixation
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Plant Breeding and Nutrition

Directed to establishing relations between the chemical

components of plants and genetic factors that can be controlled
through plant breeding. Representative projects are listed

below:

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(3)

Development of vapor phase analysis to permit
studies in depth on fatty acids, terpenes, thioglucosides,
carbohydrates, amino acids and phenolics

Collaborative studies with plant breeders in C.D. A.
and universities to develop rapeseed varieties that
are low in erucic acid

Collaborative studies with nutrionists on relations
between the fatty acid composition of the diet and the
depot fats of test animals

Development of methods of analysis for thioglucosides
and application of these methods to problems of plant
breeding and nutrition

Studies on the occurrence and biosynthesis of aromatic
amino acids, flavonoids and phenolic compounds and
their resistance to degradation by enzymes in micro-
organisms

The structure and nature of seed proteins in relation
to nutritional problems

Determination of terpenes in evergreens, and relations
between composition and species

Development of single cell cultures from wheat, soy
bean, flax, potatoes and other crop plants. For use

in the study of enzymatic synthesis

Exploration of possibilities of producing new hybrids
by using single cell cultures

Study of effects of mutagens on single celled cultures

CPZ0~QMHT BMRrDT~P>IY
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U

Division of Pure Chemistry R

E

Organic Studies C
H

Bioorganic Chemistry E
Chemistry of Transient Species t;‘
Natural Products and Organic Reactions S
Organic Spectrochemistry ;
Organic Synthesis Y

Pyrroles and Porphyrins
Total Synthesis of Natural Products

X-ray Analysis

Physical Studies

Electron Spin Resonance
Mass Spectrometry
Molecular Spectroscopy

Nuclear Magnetic Resonance; Organic
Crystal Semi- Conductors

Photochemistry and Radiation Chemistry
Physical Organic Chemistry

Thermodynamics at Low Temperatures;
Imperfections in Solids

Thermodynamics of the Solid Gas Interface

Thermodynamics of Solutions

Theoretical Studies

Exciton Transport, Radiationless Transitions

Many-body Studies on Optical Properties of
Solids

Quantum Chemistry
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Division of Pure Physics

Cosmic Rays and High Energy Particles

(a) Studies of charged particles in the Van Allen
radiation belt, using satellites

(b)  Studies of charged particles associated with
auroral events, using sounding rockets

(c) A continuing study of long and short-term
variations in the intensity of cosmic rays

(d) Study of high energy nuclear interactions
induced by cosmic rays

Laser and Plasma Physics

(a) Experiments on the interaction of laser
beams with plasmas

(b) Development of a ruby laser having a
narrow spectral line-width, for use in
scattering experiments

Solid State Physics

(a) Studies of the conduction electrons in
metals and alloys

(b) Studies of the crystal chemistry and
magnetic properties of alloys

Spectroscopy

A continuing study of the spectra and the
structures of atoms and simple molecules.
The laboratory contains the world's largest
collection of high resolution spectrometers
and spectrographs, and its accomplishments
are universally recognized within the
scientific community

Crystallography

X-ray diffraction studies of selected crystalline
substances

Appendix G
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R

Radio and Electrical Engineering Division g

1

Radio Astronomy le)
(a) Investigation of radio emissions of solar, planetary, &

galactic and extra-galactic origins

(b) Operation of National Radio Observatory, Algonquin
Park

Upper Atmosphere Research

Studies of auroral phenomena, meteors, infrared
emissions and airglow, using radar, photographic
and visual techniques, together with rocket-borne
instrumentation

Electron Physics

(a) Research in surface science, quantum electronics
and gaseous electronics

(b) Development of ultrahigh vacuum instrumentation
and techniques

QZ=wRIBHEZ~Q2Z2H CPa~rIHQOBHCH

Solid State

(a) Optical and electrical processes in organic and
ionic crystals

(b) Theoretical studies of solid state devices

High Voltage

(a) Corona and interference tests on high voltage
lines

(b) High voltage measurement techniques

Medical Electronics

Development of instrumentation used in diagnoses,
treatment and research
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Navigational Aids

Development of navigational radar, beacons,
position-fixing equipment

Precision Measurements and Standards

AC and DC current comparators, microwave
calorimeters, impedance and attenuation
standards

Instrumentation and Circuit Design

Telemetry systems development; low-noise
receivers, electrical-mechanical-optical
instrumentation for basic research projects

Coinputer Techniques

Data processing, man-machine communications,
computer interfaces, information classification
and retrieval, computer-aided teaching

Antenna Development

Basic studies in electromagnetics together with
the provision of specialized services for the
design of antennas and RF devices

Appendix G
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S

Space Research Facilities Branch Ap

(o4

The thirty-five staff members of this branch direct E

the activities of more than two hundred contract workers in R
E

the operation of a rocket-launching facility at Fort Churchill, S
E

Manitoba, for the use of scientists in Canada and the U.S. A. A
R

C
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TECHNICAL INFORMATION SERVICE
OF THE

NATIONAL RESEARCH COUNCIL OF CANADA

The N.R.C. Technical Information Service (T.I.S.) was established
in 1945 to assist secondary manufacturing industry, small companies of less than
200 employees in particular, to keep abreast of new developments in technology
and research. Of the 33,000 manufacturing companies in Canada, 96% employ 200
employees or less, representing 40% of the factory labour. They produce 40 ¥ of
the factory shipments. These figures correspond generally to those current in
other industrial nations.

Small companies depend a great deal upon suppliers, competitors,
trade associations, conferences and verbal contacts for technical information.
They may subscribe to a few technical journals dealing with their own field
but generally are not aware of technical information sources and channels.

Furthermore, technical and scientific literature holdings in public
libraries across Canada, with few exceptions, are limited, and university
libraries generally are not designed or suitable for industrial use.

Accordingly T.I.S., which consists of a group of professional engineers
familiar with provincial industry and commerce, visits these small companies
individually and, supported by a group of specialists in Ottawa having access to
world-wide channels of information, provides them with a service which large
companies have the resources, channels and exper%ence to undertake for themselves.

The concept of T.I.S. originated personally with Mr. C.D. Howe and
Dr. C.J. MacKenzie in 1945. Initially, it was established in the Research and
Development Branch, Department of Reconstruction and Supply. One year later,

at Mr. Howe's suggestion, it was transferred to N.R.C. because of better
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technical facilities and the information channels available. Paragraph
13(g) of the N.R.C. Act authorizes N.R.C. "to publish and sell or otherwise
distribute such scientific and technical information as the Council deems necessary".

In 1952 the Provincial Research Councils or Foundations, by agreement,
began taking over T.I.S. work in their provinces, for which they are paid an
annual fee. (See Attachement 1.) These Councils are concerned with developing
and exploiting the province's natural resources. Their field engineering
services normally provide liaison between industry and the laboratories, and
technical assistance with production, They are technically qualified to
undertake T.I.S. work, thus avoiding duplication of travelling costs, waste of
technical manpower, and confusion between federal and provincial services.

At first, to meet an obvious and pressing demand, T.I.S. concentrated
on technical enquiry and answer activities. At the present time field officers
from all field offices across Canada are visiting small companies periodically to
discuss and help with their technical problems. In the Maritime and Western
Provinces, where industry is less concentrated, many large companies are
included. Large companies, of course, often request help directly.

Both field and Ottawa staff, with two or three exceptions, are
graduate engineers with from 5 to20oarmore years of production experience. They
are mostly mechanical or chemical engineers, to match the job. A statistical
analysis of their background is shown in Attachment 2.

Field officers are key men in the information chain and deal personally
with all levels of company personnel. In general they are the equivalent
of sales engineers in industry.

The Ottawa staff officers generally are somewhat older, from 35 to
65, Personality is not so important except as related to their ability to get
along with their colleagues and the field officers. Their industrial experience

has been more varied and at a more senior level than the field officer. They

29009—123
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must have a wide interest and curiosity in technology, judgment in assessing
a query and the depth of answer required, ability to express themselves in
writing to enquirers varying from technical laymen to chief engineers and senior
scientists, and be capable of maintaining interest in a desk job in which the
variety of technical content is intriguing but the output is a continuous
flow of written replies every working day.

Their training is of the "on the job" contact type, concentrating
mainly on locating and using information sources and dealing by correspondence
with a wide variety of people in a wide variety of technical fields.

Staff officers are encouraged to attend scientific and industrial
conferences in their fields at suitable intervals. Industrial engineers are
sent on short, specialist courses to improve their capabilities and broaden
their knowledge in specific areas.

The Head of T.I.S., with committments in several international
organizations, travels abroad once or twice a year. Advantage of this is taken
to visit other information services to exchange experiences, techniques and
procedures, and to compare results. Section heads make occasional foreign
trips to compare and improve their own operations.

An annual conference of field officers has been held for many years,
rotating in location between field offices. Informal interchange of experiences
and unilateral cooperation between field offices upgrades their operating
effectiveness.

An understanding of the needs of small industry cannot be reached by
simple scaling down of the experience and requirements of large companies. A
technical information service designed for small companies will not entirely meet
the needs of large companies and vice versa, and coverage of both sectors
involves compromises.

The small industrialist generally will not take time to write to N.R.C.
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or other government laboratories about his technical problems, partly because
he may feel his problems are at too low a level for N.R.C. consideration, and
partly because he may lack the technical ability to assess and describe his
problem. He welcomes the visit of a personable and knowledgeable engineer,
sometimes just as an outlet for his gripes against the government, business
conditions, competitors, etc. Eventually he will mention technical problems
which he knows exists in his operations, or a trip through his plant reveals
others of which he is unaware.

Any queries unanswerable locally are referred to T.I.S. in Ottawa.
Queries are also received directly from companies who have become aware of
T.I.S., or by referral from other government departments. Attachment 3
indicates the origin of the enquiries.

The Ottawa staff has numerous and wide-ranging sources and channels
of information available:- firstly, their own personal knowledge and experience
and that of their colleagues; secondly, over 75,000 previous enquiries and
answers; thirdly, the National Science Library and its associated library
networks; fourthly, numerous scientists and engineers in government research
laboratories and operating divisions; fifthly, large companies and industrial
associations; and, finally, technical information centres, government and
commercial organizations in foreign countries.

Technical information provided by T.I.S. differs from that given by
the National Science Library. The two organizations work closely together
and cross refer enquiries as needed.

By agreement, T.I.S. refers all queries in their particular fields to
the Forest Products Laboratories and the N.R.C. Division of Building Research.

Canada is the second country in the world, after the Netherlands, to
use the field officer approach to manufacturing industry, and a number of

countries since have followed suit. The association of T.I.S. with a scientific
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institution rather than a government department has been most advantageous.

Small companies seem to distrust the motives of government departments.
However,ascientific organization such as a research council, although it is

a §overnment agency, is regarded as a neutral organization, objective in nature,
and with which discussion can be open. Other countries report the same attitude.

Aside from assisting with technical problems, field officers provide
a cross-fertilization of ideas, techniques and procedures between companies,
subject always to the maintenance of commercial security. They sometimes
put companies in contact with each other to build up local sources of supply
and profitable business cooperation, or even mergers. They also help on
small-town problems concerning community development, tourist trade, establishment
of cooperatives and other items of a nontechnical nature.

However, although the Question and Answer Service performs a most
useful function, much of its output necessarily is passive in nature. It
generally supplies only information that is asked for by industry, including
only such new technology as is related to the enquiry. In 1960, Dr. Steacie,
then President of N.R.C., directed that T.I.S. should broaden its activities
to meet its responsibilities in a more positive manner.

The first step was a planned expansion of staff on a 5 year basis
(See Attachment 2(c)).

The T.I.S. operating budget, which does not include salaries and
other administrative and overhead costs absorbed by the general N.R.C. budget,
has increased from $20,000 to $45,000 per year. The provincial fees have
increased from a total of $62,000 to $387,000, which covers salaries and some
administrative overhead. Each province receives approximately the same sum,
averaging $64,500. This is an unbalance in favour of the Western and Maritime
provinces which, however, are less favoured as to availability of information.

The second step was the organization of the Industrial Engineering
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Section in 1962. Since our Technical Enquiry officers had only general knowledge
and experience in this area, professional engineers specializing in such work
were employed and now number 15 in the field and 1 in Ottawa. A description
of their work area is given in Attachement 4 and their distribution of effort
in Attachements 5 and 6. To meet this need, the Industrial Engineering Section
informs small companies of IE techniques and assists them in their application,
on a do-it-yourself basis. It encourages companies to hire trained staff or
send their own staff on training courses and promotes the establishment of
suitable training facilities by educational authorities.

The third step in expanding T.I.S. activities was the formation of the
Technological Developments Section in 1964 to provide selected information
covering all areas of industrial technology and research.

This is done by mail directly from Ottawa in the form of Checklists

of technical articles selected from the world's scientific and technical literature,

Technical Reviews of technological processes, and Technical Films provided to
the National Film Library for loan to industry.

Over 30,000 manufacturing companies have been asked to submit a
"profile of interest", a listing of the product fields of interest to their
companyy 3,000 have replied and their profiles have been registered in a computer.

All answers to technical enquiries and all items selected by the
Technological Developments group and IE Section are put into the computer.
Periodically the profiles of particular companies in a particular field of
industry are matched by the computer to these items. The items selected
by the computer are sent directly to the companies as a checklist.

Items are selected not only from the literature directly related to
a company's interest, but from literature covering associated production
fields and scientific disciplines. For example, an electronic device developed
for a control in the machine tool industry may be recognized by T.I.S. as
having an application in the chemical industry, which may be unaware of its

existence.
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Technical Review are summaries of "state of the art" written for
technical laymen on developments that generate a number of similar enquiries
due to publicity on their industrial potential,such as "thermoelectricity",

"gpark erosion machining", etc.

A film collection has been started which is handled on behalf
of T.I.S. by the National Science Film Library for loan to industry at
nominal charges, control of the distribution being maintained by T.I.S.
to ensure that first priority is given to industry. These films cover
industrial engineering techniques and new or current industrial processes,
and are chosen to illustrate their nature and potential application to
industrial processes.

If a program of foreign aid were launched under the auspices of the
External Aid office and T.I.S., it is thought that a most useful contribution
to the development of industry in developing countries could be made at
relatively low cost. Aside from the social and political effects of such
aid, it could also lead to a development of trade between Canada and these
countries.

In considering the future development of T.I.S. in the next five
years it is felt that the existing activities of T.I.S. are meeting definite
industrial needs, in fields more than large enough to eccupy a service many
times the size of our present organization. Advances in mechanical retrieval
and transmission of information will assist our service, but will give us
a greater mass of material to read, select and disseminate, involving more
manpower.

The manpower factor also is involved in the amount of publicity
given to T.I.S. activities. Criticism is sometimes directed at TIS that the
service is not well known or sufficiently publicized. This is true to some
extent but there are two major reasons for it. One is that companies do not

need to use the service daily. Changes of personnel occur frequently in industry
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and we often find, when a company executive indicates he has never heard of TIS,
that we have helped his company many times over a period of several years.

Furthermore, TIS always has a backlog of work and must be careful
to preserve a balance between the number of field officers, who are the salesmen,
and the Ottawa staff who are the producers. It is definitely harmful to publicize
a service which cannot meet the demand created by publicity. Unlike a business,
which can expand as advertising increases the demand for its product, TIS
expansion is related to a more or less fixed rate of growth, governed by its
share of NRC's budget and manpower allocation.

It is felt, therefore, that the major hindrance to the effective
performance of TIS functions will continue to be the lack of manpower and budget
to meet both the existing and potential requirements for technical information.

Small industry is becoming more sophisticated, a trend which is
noticeable in the queries received in recent years. Accordingly, upgrading
of the level of staff competence by courses and other means will be of increasing
importance, and will involve a number of problems.

The Province of Quebec presents some special problems. Bilingual
engineers are most difficult to obtain, being few in number and greatly in
demand by industry. Percentages of TISstaff operationally effective in both
languages are given in Attachment 2 (c)(vi). Unless the technical literature
from France becomes more acceptable, or French Canadian literature increases,
or the small companies become more bilingual, this problem will continue to exist.

From time to time the provision of information free of charge is
queried, frequently based on the old cliché that the only information industry
holds in high regard is that which has to be paid for. However, the small
industdalist generally is not prepared to pay for something, the effectiveness
of which he cannot assess or evaluate in advance - particularly if it is

software rather than a product or a process. If it is costly by his standards
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he will get along without it, regardless of its potential value.

If TIS were ebliged to charge for its services, it would either die
or its efforts would be chained to a small circle of clientele whose needs
could be served by a commercial organization, if one could be found. Nevertheless,
some aspects of the work of the Technological Developments Section may prove
suitable for the development of a subscription service and this will be borne
in mind.

The possibility of extending TIS operations to meet the needs of
large companies has been a continuing consideration for several years. The
field service type of operation is not considered suitable for large companies,
due to the size, complexity and sophisticated nature of their organization and
technical information needs. The Technical Enquiry and Industrial Engineering
Sections can be of some direct assistance but it is in the Technological
Developments Section that the greatest potential exists. Even here, the basic
differences between large and small companies present problems but our future

development will attempt to meet the needs of both sectors of industry.
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TECHNICAL INFORMATION SERVICE

Note:-

T.1.S. provides the administrative staff, 3 professional and 2 clerical, and the
operating costs of the Industrial Research Assistance Program, the operations
of which are described elsewhere. IRAP staff are qualified for T.I1.S. work and
are included in the summary below as T.I.S. personnel. Total funds show the
total operating costs of T.I.S. and IRAP but do not include the IRAP grants.
Under operating funds, the division between IRAP and T.I.S. costs is shown.

2.5) Personnel associated with scientific activities

a) Current personnel establishment and people on strength (in brackets).

Secretarial,
Clerical & Stenographic,
Professional Technical Regulatory Typing
32 (32) 1() 6 (6) 12 (12)
b) Professional staff on administrative duties -
TIS 2 IRAP 3
¢) i) Country of birth
Bachelor Master Doctorate
Canada 15 Canada 5 Canada 2
U.K. 2 Poland 1 U.K. 1
U.S. A, 1 China 1 Switzerland 1
B.W.IL 1 Netherlands 1
France 1

c) ii) Country in which secondary education taken.

Bachelor Master Doctorate
Canada 16 Canada 5 Canada 2
U.K. 2 U.K. 1 U.K. 1
U.S. A, 1 Poland 1 Switzerland 1
Netherlands 1
France 1
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c) iii) Country in which university degree taken.

Bachelor Master Doctorate

Canada 15 Canada 3 Canada 1

. K. 2 U.S. A, 3 U.K. 1

U.8A, 12 Poland A U.S. A, 1
Netherlands 1 Switzerland 1
France b ¥

¢) iv) Working years since graduation and in present organization.

Number of Working Since
Years Graduation With N. R.C.

B. M. D. B, M D

D W N

DO DO DO b= b pd b b e e e e
Ssgggfaggﬁgmpowmamw»wmwOWQQOU'#@NN
N [ ) @ ol
[~ = — — -
- - -
[ - (Y]
=
-
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¢) iv) (CONT'D)
Number of Working Since :
Years Graduation With N.R. C.
B, MyasiDy ByAAME UD,
33
34
35 % 1
36
37
38 1
39 1 1
40
41 b 3
c) v) Average age
Bachelor Master Doctorate
50 50.8 50.5
c) vi) Percentage operationally effective in English and French.
Bachelor Master Doctorate
36.8% 33.3% 25%
d) Total professional staff in each degree category.
Bachelor Master Doctorate
1962 10 2 1
1963 : 5 & 5 2
1964 13 6 2
1965 14 7 2
1966 19 6 3
1967 18 6 4
1968 19 9 4
1969 22 (25) 8 4
1970 26 9 5
1971 29 10 6
1972 31 10 6
1973 33 10 7




2.6)

e) Turnover of professional staff.

1962
1963
1964
1965
1966
1967

f) Percentage employed by industry, universities, provinces and federal govt.

(i) Industry
(ii) Universities
(iii) Provinces
(iv) Federal

h) University summer students

Retired

B.

Bachelor

M.

1

95%

5%
10%
20%

g) Number on educational leave

D.

Science Policy

Resigned Hired

BAZTMSCD. B. M.

X 3 2

2 3 2
1 1

1 4 6

1 1

3 2 4

=18

Expenditures associated with scientific activities

a) Total Funds

Functions:

Scientific discipline:

Areas of application:

Funds

1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69

(3) scientific information

(1) engineering and technology
(5) support of R&D in industry

(9) industry

$  346,500.
450, 000.
510,500,
598, 273.
733,766,
844,000,
940, 000,

Master Doctorate
100% 75%
33% 50%
10%
- none

Attachment 2
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2.6) Expenditures associated with scientific activities ¥
b) Operating and capital funds.
rating Funds
LR A I.LS.
1962-63 $ 16,500. $ 330,000.
1963-64 20,000, 430,000.
1964-65 25,000, 485,500.
1965-66 25,000, 573,273.
1966-67 33,000. 700, 766.
1967-68 50,000. 794,000,
1968-69 50,000. 890, 000.
Capital Funds
1965-66 $ 10,000.

c) Funds to further professional university education - NIL
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