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S UM M ARY 

This report deals with three themes, viz .. an SAN -NIPR 

discussion in respect of conclusions and recommendations of a 

previous report on diver training; training of SAN diving instructors 

in NIPR diver training (NDT) methods and a report on the success of 

NDT methods applied to an experimental Diver 3 training course. 

Two diving instructors were trained in NDT methods so that 

one instructor could apply the methods under direct supervision of 

the other� Due to circumstances beyond the control of the NIPR the 

experimental course was applied by a third instructor, necessitating 

the attendance of one of the authors at the first two weeks of 

experimental training. 

In spite of this drawback the experimental group proved 
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superior to a matched group trained in traditional methods, in terms of 

criteria of underwater performance, freedom from anxiety and performance 

in a diving-related stress situation .. 

O P S O M M I NG 

Hierdie verslag handel oor drie temas, naamlik 'n SAV -NIPN 

bespreking oor die gevolgtrekkinge en aanbevelings van 'n vorige 

verslag oor duikeropleiding; die opleiding van SAV-duikinstrukteurs 

in NIPN duikeropleidings (NDO) metodes en 'n verslag oor die sukses 

van NDO-metodes na toepassing op 'n Duiker 3-opleidingsgroep. 

Twee duikinstrukteurs is in NDO-metodes opgelei ten einde 

die metodes op 'n eksperimentele kursus toe te pas, met die een 

instrukteur onder toesig van die ander. Weens toestande buite die 

beheer van die NIPN, is die NDO-metodes deur 'n derde instrukteur 

toegepas met die gevolg dat een van die skrywers die eerste twee 

weke van die opleidingskursus moes bywoon en die instrukteur 

behulpsaam wees. 

Ten spyte van die probleme het die eksperimentele groep 

beter pre steer as 'n afgepaarde groep wat met tradisionele metodes 

opgelei is, in terme van kriteria van onderwater prestasie, gebrek 

aan duik-verwante angs en prestasie in 'n duik-verwante spannings­

toestand. 



I N T R O D UC T I O N  

NIPR commitments concerning the SAN Diving establishment 

primarily concern improvement in diver training and career development 

and the construction of a selection battery for first level divers. To 

satisfy all requirements in this project it has been found necessary to 

concentrate additional investigations on diving stress, in-training and 

occupational criteria, underwater ergonomics, etc. 

Steps that have been followed in research on diver training up 

to the present comprised participation in a Diver 3 (first level) course, 

structured interviews and observations and a report on the results ( 1). 

A special study on SAN diver training procedures, career development 

in the Diving School and principles involved in first level training was 

fully reported ( 2). 

This report concerns follow-up work on the above and deals 

with the following : 

1. Points emerging from a discussion on the report on training (2) 

by SAN and NIPR representatives. 

2. The training of two senior Diving School staff members in 

NIPR diver training (NDT) techniques. 

3. Implementation of NDT at the SAN Diving School. 

1 DISCUSSION ON DIVER TRAINING REPORT (February 19 70) 

1. 1 Aim : To reach agreement on the recommendations presented 

in the report : Training of divers in the South African Navy : 

An appraisal and preliminary suggestions for improvement. 

(A. Deppe, U /Pers 2 1, July, 1969). 

1. 2 Participants : 

SAN : Cmdr. Banks 

Lt. Cmdr. P. Jonker (OC, Diving School) 

Lt. A. Sibthorpe (Head of Training, Diving School) 

CPO W. Dewey (Senior Instructor, Diving School) 

NIPR and MMI : Mr. P. Myburgh 
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1. 3 Conclusions : 

Discussion revolved around both sections of the 

report, viz. an appraisal of present SAN diver training on 

all levels and an account of training methods relevant to 

the Diver 3 level. 

The Diving School authorities had been aware of 
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some of the problems described in the report, without in all 

cases fully realising the implications of these problems, for 

example, in the career limitations imposed by present training 

levels.. In other cases they were made aware of problems not 

fully realised before, for example, shortcomings of the Diver 3 

course. The major aim of this section of the previous report 

has therefore been achieved, that is to put personnel problems 

in perspective for those immediately concerned with them, 

thereby to stimulate thinking about them and, it is hoped, to 

bring about improvement through change" 

The NIPR as an outside and unbiased authority on 

personnel problems has indicated solutions for the problems of 

this kind in the Diving School o While agreement was expressed 

in principle with the conclusions reached, SAN representatives 

did not consider it feasible to implement all the proposed 

solutions due to aspects of SAN organization and policy. The 

proposals in regard to post =Clearance Diver I training were 

vetoed for this reason o At this stage it is up to the Diving 

School authorities to reconcile proposed solutions to personnel 

problems with SAN organization and policy. 

The second section of the report deals with the 

effectiveness of existing Diver 3 training methods and the 

results of an experimental diver training course conducted by 

the NIPR. While there was lively discussion on specific 

recommendations, for example, progression of depths in free 

ascent training, this section was on the whole well received,, 

SAN' representatives were sufficiently enthusiastic to request 

the NIPR to train two instructors in NDT methods o 



5 

Finally, it emerged in the discussions that the Diving 

School staff, while appreciative of research on diver training, 

keenly await the diver selection battery presently being 

developed by the NIPR. It should be made quite clear, however, 

as the NIPR representative pointed out at the discussion, that 

selection is meaningful in terms of the demands for which the 

selection occurs, in this case those of the Diver 3 training 

course. Our research has already highlighted discrepancies 

between the assumed and real training criteria, in other words, 

between the diver material the Diving School staff believed 

they are producing and what they are actually producing. This 

will be covered fully in a future report on selection. 

1. 4 Recommendations : 

It was recommended that the NIPR train two diving 

instructors in NDT methods and that the instructors and the 

NIPR devise a modified Diver 3 course for experimental 

application at the SAN Diving School, Simonstown� 

2 TRAINING OF SAN IN STRUCTOR S IN NDT MET HOD S (9- 13 March, 19 70) 

2. 1 Introduction : 

The above recommendations ( 1. 4) were accepted by the 

NIPR, MMI and SAN. 

It was originally intended to train the instructors in 

the field on a compact diving course but this proved impossible 

due to a shortage of people to function as trainees. The 

course was then changed to consist of lectures and discussions, 

attended by Lt. A. Sibthorpe and CPO W. Dewey from 

9 to 13 March, 19 70, at the NIPR, Johannesburg. 

2. 2 Aims 

The aims of the course were to impart NDT principles 

and techniques and to modify the existing Diver 3 course 

accordingly. A secondary aim was to agree on a procedure for 

applying the modified syllabus experimentally and comparing 

it with traditional methods. 



6 

2. 3 Content of the course : 

The course covered the following 

(i) Introduction to principles of the psychology of learnings 

(ii) Underwater adaptation and learning to dive o 

(iii) Instruction techniques. 

(a) Orienting trainees 

(b) Feedback techniques and conveying performance 
criteria 

(c) Grading material to be learned 

(d) Self-pacing and safety controls 

(e) Use of group discussions and exercises 

(iv) The nature and incidence of diving stress e 

(v) Training in underwater skills o 

2. 4 The revised Diver 3 syllabus : 

The proposed alterations to the existing syllabus 

largely reflect NIPR thinking on diver training o Major changes 

suggested are the following : 

2. 4. 1 The first two weeks of the course will be seen as an 

adaptation period o The remaining course time will 

be devoted to increasing flexibility and to inculcating 

skills over and above diving per se, for example, 

exposure to cold, fatigue and zero visibility, training 

in group and individual assembly tasks, searches, etc s 

The following specific changes*were proposed : 

(i) Trainees will either be selected on the basis of 

physical fitness, as distinct from medical 

fitness, or they will be brought to a satisfactory 

fitness level before the course. 

(ii) The intensive physical training programme 

concurrent with diver training over the first 

two weeks will be cut down to such an extent 

that trainees experience no physical fatigue 

beyond that from which they can immediately 

recover. The wide experience of the instructors 

was used to decide on a physical training maximum. 
----------------�-��-�--------------------------

*Princioles underlvino these changes are fully discussed elsewhere (2). 
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(iii) The speed of work will be progressively 

increased from the third week onwards until 
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it equals or exceeds that of the traditional 

training, In addition dives will be made which 

simulate the conditions encountered by the 

qualified Diver 3, e o go diving in cold water, 

in zero visibility and among obstacles; 

induced air nur.s er underwater, 11di ver lost" 

exercises, etc c Exercises will be included 

which accelerate specific skills used in diving 

and in teamwork, e Q go teamwork will be 

developed in group assembly tasks; correction 

for refraction will be encouraged by the use of 

tools in individual assembly tasks, etc. 

Basically this period will develop flexibility 

by widening the range of skills and experience 

in the trainee, 

Learning to dive will be accelerated by the introduction 

of techniques and controls which have been shown to 

facilitate learning, by inter alia keeping stress to a 

minimum 

(i) Stress generating activities are all shifted 

forward into the flex1b1li ty training period, e .,g. 

jumps off a ship (1, 2) e 

{ii) Existing feedback techniques have been extended 

and new ones introducedg 

(iii) Skills will be practised on the surface before 

being applied underwater. 

(iv) Daily group discussions will be conducted by the 

instructor in an informal climate o This will create 

opportunities for trainees to share experiences 

and promote sound within=group relations 8 
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(v) Trainees will be adequately informed, before the 

course, of the complete academic and practical 

syllabus and of standards required by the 

instructor o For example, trainees will be given 

the complete set of notes before the course, in 

contrast to the traditional practice of issuing 

pr�cis (summaries) singly after each lesson. 

(vi) All material to be learned by the trainee will be 

graded. Academic material is classified as 

"must know", "should know" or "could know" .. 

In practical work critical points are emphasized, 

for example, common faults in clearing the mask 8 

2. 5 Instructors' reactions to the NDT course : 

Initially instructors were dubious about the inter­

pretations of diving stress and load in the proposed new 

Diver 3 course, and about the views expressed on the 

debilitating effect of stress on underwater adaptation and 

performance. However, after examining the available evidence 

from NIPR and overseas research, instructors found the views 

of the NIPR acceptable to such an extent that a common frame 

of reference emerged and no difficulties were experienced in 

preparing a revised Diver 3 syllabus() 

2. 6 Implementation of NDT principles : 

A decision taken during the course was to recommend 

to NIPR and SAN that NDT methods be experimentally applied to 

two Diver 3 courses at Simonstown .. The first application would 

familiarize the instructor with the training principles and iron 

out difficulties with the training method; the second would be 

run simultaneously with a traditional course to allow comparison 

of the two methods in terms of diver effectiveness .. It was 

arranged that CPO Dewey would apply the NDT methods. 

This recommendation was acceptable to both 

organizations. 

-------------------------·· 
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3 FIRST APPLICATION OF NDT AT SIMON STOWN ( 13 April - 19 June 19 70) 

3. 1 Introduction : 

This section of the report deals with the first application 

of NDT principles o Although it had not been intended to compare 

the experimental and traditional training at this stage, the 

number of trainees availa ble made a division into two groups 

necessary and it was decided to use the opportunity to make 

tentative comparisons on selected criterion measures o 

Accordingly the trainees in the two groups were roughly matched 

for home language, age and physical stature o 

One of the authors attended the first two weeks of 

training to act in an advisory capacity to the instructor 

conducting the experimental course o As mentioned previously, 

the first two weeks are considered the most critical for diver 

training and incorporated the most significant changes from 

traditional training ( 2) o 

From the start severe setbacks were encountered with 

regard to the actual training and as a result of specific 

problems in the Diving School. In the first place, CPO Dewey, 

who had received the training for the experimental course and 

was to have conducted it, was assigned to another course at 

the last momenL Secondly, the Diving School is in a 

difficult phase in terms of manpower shortage and low morale e 

From discussions with several instructors it appears that this 

is mainly due to loose job structures caused by the manpower 

shortage, to a lack of clear career development* and of 

communication and guidance from the Diving School 

administrators.. These problems are of interest here insofar as 

they form the context for the experimental course o Thirdly, in 

order to make valid comparisons between the courses it was 

considered necessary to keep the traditional course strictly to 

*Discussed in a previous report ( 2) � 
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t radit io na l  method s of  tra ini ng ,, As  i t  turned out , thi s group 

far exceeded the amount of  divi ng s cheduled . I n  compari so n  

to  the experimenta l group which had completed a mea n of  2 e 5 

hours o f  divi ng , the tradit iona l  cour s e  had completed a mean  

o f  13  hours o f  divi ng a t  the e nd of  two week s , i o e .  a t  t he  t ime 

the fi rs t  cri teri on  mea s ure s were obta ined o F ina ll y ,  tho se 

ta s k s  which cons titute the core o f  flexibility tra ining were 

omitted .. The se were , a mong o: r: ers , dive s i n  extre me cold , 

dive s i n  zero vi s ib i l it y  (i " e " actua l zero vi s ibility , not 

s i mulated with blacked =Out mas ks ) , the controlled production  

o f  air -hunger u nderwa ter a nd the execut ion of  group e merge ncy 

exerci s e s  a nd group ta s k s  underwater () 

C ri terion mea sure s obtained a t  the e nd o f  the course 

do the re fore not adequately repre s e nt the full ra nge of  NDT 

pri ncipl e s , but s imply re flect long term be nefi t s  of tra i ni ng by 

NDT method s duri ng the h r s t  two weeks  o 

3 .. 2 Aims a nd hypothe s e s  

I n  de s ig ni ng l\i DT pri nciple s  t he ma j or a i m  wa s the 

provi s ion  of a trai ni ng c li ma te a nd methods which would 

promote adaptat ion  underwater , a nd havi ng done thi s, to teach 

the tra i ne e  to cope wi th divi ng stre s sors by progre s s ive ly 

i ncrea s i ng exposure to t he s e  s t re s sors " Hypothe s e s  at thi s 

s tage were : 

(a ) Hypothe s i s  1 : I n  the firs t two week s , i .  e o the 

" adapta t ion  per iod " , the t rai nee  would adapt fully 

i n  that learned d ivi ng skill s would be more e ffective ly 

i ntegra ted a nd negative e motiona l  re s po nse s avoided .  

At thi s s t age the experime ntal group was expected to 

show le s s  a nxiety co ncern i ng divi ng tha n  the 

tradit i o nal  grou p , while  performance by the two groups -

i n  terms o f  the abi l ity to trans fer  sk i l l s  to the 

u nderwater  s i tuation  - would be roughly equivale nt .,  
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(b) Hypot hesis 2 : I t  w as predicted th at t he exper iment a l  

gro up wo u ld re a c h  a higher p late a u  o f  perform ance at 

the end of  the c ourse a This w as b ased on the 

ass umpt ion th at  ( i) a lower a nxiety leve l ,  if present, 

wo uld have a lesse r limiting e ffect on ultim ate 

pe rfo rm a nce , a nd (ii ) p rogressive expos ure to d iv ing 

st ress ors w ould i nc r e ase t tie coping c ap acity o f  the 

individ ua l by a n  a ccl imatiz ation p ro cess, and t his 

wo u ld inc re ase t he tr a i nee 's abi lity to uti lize his 

res ource s (e " g . re as o ni ng ab il ity) underw ater o 

H ig h  

Low 

The hyp othes ized co u rse of  these events is 

s hown in Fig ure 1 ,  

---------------------------- ------- - ----·- -

1 2 3 ) 

We e k s  

-, 
f 

A r.xi e t  y ( T )  

Per fo rm a nce (E ) 

P e rform ance (T) 

A nxie ty ( E) 

F ig ure 1 .  Predic te d COL. rse o f  pe rforma nce and a nx iety fo r t he 
traditiDna l- (T J g ro�d nd experiment a l  (E) g ro up of 
di ve r  t rai ne es d uri ng t he Dive r 3 co urse o 

P
e

r
fo

r
m

a
n

c
e

 
a

n
d

 A
nx

ie
ty

 



3 .  3 Method 

3 ,,  3 .  1 

12  

Procedure 

To test the hypotheses, cri terion data on anxiety 

and performance were obtained at the end of two weeks 

(Criterion 1 )  and agai n at the end of the course 

(Criterion 2 )  n 

Results from cri t eria  measurement were then 

compared in respect of the differences suggested by 

the hypotheses o 

Criteria 

(a ) C riterion 1� : C riterion 1 comprised observations 

(by one of the authors) and qua nti ta tive measures of 

arousal and performance change associated with 

i mmersion � 

Arousal was as sessed by increases in heart 

rates from a control (rest ) period to just before a d ive 

to 1 0 ° i n  clear vi s ibi l i ty ,, 

Performa nce rneas0res involved the application 

of two tests on the surface a rid underwa ter o The first 

of these, a rea soni ng test developed by Baddeley 

(3,  see Appendix I )  was a pplied three times on the 

surface in order to ca ricel out practice effects, and 

once underwater o The second, a test of manual 

dexterity (See Appendix I I ) , was applied once on the 

surface a nd once underwa ter o More frequent 

application of the manual dexterity test to reduce 

practice effects would ha ve caused an unwarranted 

intrusi.on i nto tra ining ti.me as the test is individually 

applied and takes approxi mately 1 0  minutes per 

individual to complete , 

3,3.2 
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Performance tests were scored as last surface 

score divided by underwater score o U nderwater 

performance i n  this context is defi ned as the extent 

of the i ndividual 's ability to make full use of his 

resources as they are presumably measured by his 

performance on the surface . Ratio scores were thus 

used as an i ndex of the i ndividual 's  adaptation to 

immersion o I n  the case of the reasoni ng test, scores 

obtained from the last surface application of the test 

(8 3 )  were used i n  computi ng the ratio o 

{b) Criterion  2 : C riterion 2 comprised observations 

(by o ne of the authors) , comments on the effective ness 

of NDT methods by the i nstructor responsible for the 

experime ntal group , and quantitative measures of 

arousal and performance .. 

Duri ng analysis of Criterion 1 results it emerged 

that the manual dexterity test was rendered i nvalid as 

a measure of adaptation by some low scores believed 

to result  from fi nger numb ness rather than from lack of 

underwater adaptation; this measure was therefore 

exc luded from the second criterion o 

I ncreases i n  heart rates and underwater performance 

(ratio of reasoni ng test scores) were measured as before e 

The surface score for the latter was obtained from the 

application of the reasoni ng test for the fourth time, 

on the surface (8 4 ) ,  a day before underwater testi ng . 

I n  order to determi ne whether diver trai ni ng 

resulted i n  a general i ncrease i n  resistance to stress, 

and whether the di fferent methods of trai ni ng resulted 

i n  di fferent levels of such s tress =resistance, an adap ­

tation score was obtai ned for a diving -related si tuation . 
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Subjects were seated in a compression chamber which 

was then filled to a pressure of 5 ata o , e quivalent to 

ambient pressure at a depth of 13 2 '  o This pressure is 

sufficient to induce m ild effects of nitrogen narcosis 

( 4), an inevitable co ncommitant to dives at this depth o 

A cognitive test was applied in the compression chamber 

and an adaptation score was derived as surface score 

divided by the i ri. ,�comp ression score o 

The sam ple 

At the start of the co urse both groups consisted 

of 1 2  young male su bjects, aged 1 7 to 19 years o 

As two sub jects failed in the first two weeks 

and individuals were medically un fit at times, the 

number of sub jects tested on different occasions 

varied e 

3 .. 4 Results : Cr iterion 1 

Observations 

(a) Attenda nce : At the end of the first two weeks 

of training all tr a inees i n  the experimental group were 

actively engaged in diving whereas the traditional 

group had lost two tra i nees , one a permanent drop =out 

due to 1 1claustropho bia 1 1  * and one who resigned 

voluntarily for " being unable to take it"* , The two 

failures constitute a 1 7 per c ent loss o 

(b) Reports by others : Instructor assistants who 

were initial ly stro ngly in favour of the traditional 

methods (probably because they themselves were 

trained that way) reported to one o f  the authors that 

they were favourably impressed with the speed at 

which trainees adapted, and with certain techni ques, 

*Instructors ' diag noses o 

3.4.1 
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particu lar ly the "dry land prac tice 1 1 , i ,  e o the 

repetition of diving sk ill s (pneumatizing, c learing 

mask, sharing ai r, etc . )  on the surface bef ore 

app lication unde rwater .. 

When asked for their o pini ons on the NDT 

training, trainee s were unan imou s ly po sitive . They 

f elt it gave them time t o  get used t o  the water and 

their equi pment " Se ve ral tra inees mentioned that they 

felt confident underwater a nd were ready to progres s 

to other traini ng activities at the end of two weeks ... 

Some ca ut ion should be exercised in accepting 

these repo rts as neithe r  tr ainee s nor instruct or 

assi stants had a broad experience on which to ba se 

their judgement s ,  

{c) Mora le : One of the authors, who attended 

b oth groups I act ivitie s, formed the impressi on that 

the m orale in the ex pe rimental group was markedly 

higher than in the othe L The experimental group 

was more talk ative, there was more bantering and 

mutual a ssi stance in ad ju sting e quipment and 

experiences in diving were more free ly discussed .. 

In additi on le ader ship role s became more quick ly 

and easily e stab lished .. It is likely that the daily 

group disc ussion s held by the experimenta l group 

c ontributed sub stantiall y to the sound interper sonal 

relations neces sary for a go od morale level o Again 

it sh ould be noted that so me caution is required in 

accepting th is observation , g roup morale may change 

considerably during the remaining five week s of 

training and acc idental g rou p com position mu st affect 

mora le level . 
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(d) Applicability of NDT methods : No obvious 

fl aws emerge d i r1 the applica tion of NDT to the 1 7 to 

19 year old Na tional Servicemen sample � It appears 

to be as applica ble to th is age group as to the 

university g radua tes on which i t  was developed . On 

the othe r h a nd the amount of assistance one of the 

authors was re qu i red to provide clearly indicated that 

an instructor cannot be expec ted to apply the system 

unless he has h ad thorough t rai ning in both the 

theoretical and applied aspects of NDT methods ,, 

Quanti tative meas ures 

(a) Reasoning test � Gro up means and standard 

deviatio ns (in bracke ts) of adaptation scores were 

L 2 0  ( .,  1 2) for the E (experimen tal) group and L 2 6  

( .. 2 8) for the T (trad itional) g roup (N = 1 2  and 9 

respectively) o As a h igh r atio indicates relatively 

poor underwater pe rform ance, the E group fared 

slightly bette r o  T he diffe rence between the groups, 

as assessed by t he Man n =W hi tney U test ( 5), was 

not significant a t  the ., 0 5  level e 

(b )  Manual de xteri ty test : Group means and 

standard dev ia tions of su rface scores on the test of 

manual dexterity were 4 ,,  3 ( 2 ,, 2) mins o for the E group 

and 4 "  3 ( O ,  8 )  mi ns n fo r the T group o Underwater the 

E group mean and S OD .  were 6 o 9 ( 1 .  8) mins o and the 

T group mean and S O D o ,  9 o 4 ( 5 ,,  6) mins o From the 

values of the means it would appear that the T group 

showed a grea ter d rop than the E group � however, 

this drop was inflated by particularly long assembly 

times by two individuals who complained of finger 

numbness after immersion in the cold water o As 

e xpected, the two low scores lead to a comparatively 

high standard dev ia tion fo r the T group unde rwater trials o 
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{ c) Hea rt ra tes : Tatile l shows the co nt rol a nd 

p re -dive hea rt rate me i:r ns a nd s ta nda rd devia tions � 

�-��- - -· 

Co ntro l  Pre -dive n 

E g ro up 6 6  ( 1 0 ,9) 8 7  ( 1 2 . 2) 1 2  

T g ro up l 6 7  ( 7 e O) 10 6 ( 9 g 0)  10  

TAB LE 1 

Mea ns a nd S .  D .  s i n  co nt ro l  a nd pre =di ve he art ra tes 

Where as co nt ro l  va lue s  fo r the two g ro ups we re 

simila r ,  bo th mea ns bcreased p rio r to di vi ng . To 

compa re di ffe re nces i n  hea rt ra tes fo r the two g ro ups, 

ea ch i ndivid ual 's i ncrease from co nt rol to p re -dive 

was es tablished a nd the i ncreases fo r the two g ro ups 

we re compa red by me ans o f  the Ma nn -Whi t ne y  U tes t 

( 5) "  A cco rdi r.g to th is test the in creases we re 

sig ni fi ca ntly g rea t e r  fo r t he T g rou p ( p  < o 0 1 ) . 

(d) Dis cuss ion o f J1ypo thes is 1 The fi rs t 

hypo thesis is f ully co nfi rmed 9 As predi cted, the 

pe rfo rma nce o f  the two g ro ups was ro ughl y 

e quivale nt 1 n  te rms o f  the adap tatio n s co re, wi th the 

E g ro up showi ng a s ligh t a nd no n =s ig ni fi ca nt 

s upe rio ri t y , A nx ie ty i n  co n ne ct io n  wi th a n  a nti cipa ted 

dive existed for bo th g ro ups b ut sig ni. fi ca ntly mo re so 

fo r the T gro up tha n for the E g ro up (p ( ,  0 1 ) o 

These res ults i nd i cat e tha t  N DT me thods 

s uc ceeded i n  crea ti ng a c li ma te o f  lowe r 

psy chologi cal cos t for t he d ive r t rai nees, a nd tha t 

this te nded to be asso cia ted with highe r pe rfo rma nce , 

i n  spi te o f  the a dva ntage by the T g ro up o f  a to tal 

immers io n  time h ve t i.m es tha t o f  the E g ro up o 
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3 .  5 Resu lts : Criterion 2 : 

As pointed ou t in the introduction , the flexibi lity­

training period between the seco nd and se venth weeks was 

not conducted according to N DT methods and fo llowed 

traditiona l methods o Per formance and arousal measures in 

the se venth week there fore merely re flect the long -term 

bene fits o f  train ing du ring t he first two weeks o Moreover , 

by coincidence , one flex ibi lit y  tr ain i ng exercise schedu le d  

for the E grou P-di ves in cold and dirty water was actua lly 

carried out by the T gro up a t  Sa ldanha Bay o 

3 .  5 .  1 Obser vations 

(a) Obser vations by one o f  the authors 

(i) Group morale : To all appeara n ee s the group 

mora le was eve n  higher for the E gr oup , 

comparative to the T gro up , than at the end o f  

two weeks , In the test situation E group 

trainees wo uld ta lk to each other , fre quent ly 

make jokes , vo l u ntarily assist each other in 

handing up test e q u ipmen t and assist the 

ins tructor in pre par i ng the test materia l o In 

the same s it uation the T group trainees wou ld 

sit q u ie tly wh ile awaiting their turn to be tested . 

Whi le the y a lso assisted the tester and each 

other , this was only done a fter the instructor 

had told them to do so e The obser ver gained 

the impression that in the E group the foca l 

point o f  member orientation was the group itse l f  

and the primary concern was the comp letion o f  

tasks " ln the T gro up the instructor was the 

focus o f  at te ntion a nd the primary concern was 

w ith carr ying ou t instructions . It fo llows that , 

in the absence o f  the instructor , the E group was 

more independent and more e ffecti ve in carrying 

ou t a d iving operat io n .  
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( ii) Atte nd a nce : No tra i nees d ropped out afte r two 

weeks of tra i ni ng .,  By the e nd of the cou rse the 

T g roup h ad lost two d ive rs wh ile the E g roup 

(b) 

h ad lost no ne o Wh ile it appea rs th at the E g roup 

is less like ly to le ad to f a ilu re, th is m ay a lso 

be d ue to m is mat ch i ng of the g roups o r  

d i ffe re nces J n i nst ructo r  sta nd a rds o Fu rthe rmo re, 

it m ay be a rg ued th at the T g roup uses t ra i ni ng 

to e lim i nc1te we ake r ca nd id ates G 

Obse rvat io ns by the i nstructo r  

The i nst ru cto rs re po rt is re pe ated ve rb at im 

" 1  o This cou rse co ns is ted of 2 c lasses, w ith 

1 2  rat i ngs i n  e a ch i a nd w as held f rom 1 6 "  3 "  70 

to 1 7 o 7 o 70 .  

2 "  T he 1 1A i i  cl ass i t ra i ned by PO L iebe nbe rg, 

fo llowed the r,o rmal t ra i ni ng p rocedu re a nd we re 

wo rked h a rd rig ht f rom the st a rt o f  the cou rse " 

The 1 1 B 1 1  cl ass , t ra i ned by C PO Vrey , used a 

mod i fied t ra i ni ng ro-c.ti ne, as suggested by the 

N I PR o Here the c lass w as g radu a lly i nt roduced 

to new sk ills f a nd w as g ive n t ime to d is cuss 

a nd a nal yse di fficul t ies, thus g a i ni ng 

co nf ide nce " The tem po of wo rk w as speeded up 

i n  the l ate r s tages of t he cou rse o 

3.. T he fol lowi ng po i nts a re noted i n  co nne ct io n 

w it h  t he 1 1 B "  cl ass : 

a "  The re duced physical a nd me nt al st ress w as 

obv io us from t he ir pu lse rate a nd othe r tests, 

a nd also from th e calm m a nne r  i n  wh ich t he d ive rs 

e nte red t he w ate r .. 

b .,  Mo ra le i n  t he c lass w as h igh, a nd the ir  

att itudes to div i ng a nd the h a rd wo rk i nvo lved 

most g rat ify i ng " 
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c ..  Learni ng occurred easily a nd successfully .. 

d .  Because of the lower rate of progress, not 

quite so much diving practice as usual could be 

included i n  the course . 

e .  The overall exami natio n results were not 

quite up to those of the "A I I  class, but this was 

to be expected a s  t he 1 1A "  class were of above 

average abi l i ty a nd i ntellige nce, while the 1 1 8 1 1  

class were average ,, 

4 ..  The indications should be more marked even , 

with PF classes, a nd  it is fe lt  that this cha nge 

i n  tra i ni ng procedure will be of great benefit O 

1 1  

Comments o n  the report 

Poi nt d � The course was largely slowed by the 

fact that a new trai n t ng schedule was introduced . 

I t  is expected that future courses will not involve 

a loss in divi ng time . 

Point e o While thi s stateme nt may be quite 

valid, it would be necessary to have o ne 

exami nation  for both groups before defi nite 

conclusio ns ca n be drawn regarding differences 

in  academic proficie ncy .. In respect of the groups 

studied, each i nstructor set a nd marked the 

examination papers for his g roup . 

Qua ntitative measures 

(a ) Reaso ni ng test 

The slight lead held at the end of two weeks 

by the E group i n  respect of the Reaso ni ng test 

performa nce ratio was increased " At the end of 

the course the E grot1p obtai ned a mea n of 1 "  1 4  

(S .. D .  = . 24, n = l 2 ) a nd the T group a mea n of 

1 .. 23 (S . D 8 =: 2 .  5 f n = 1 0) "  The difference betwee n 

the mea ns does not reach the , 0 5  level .. 

3. 5. 2 
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To s how pe rform a nce tre nd s ove r the 

whole cours e , re s ul t s  of the rea so ni ng te s t  

a re s hown i n  Figure 2 o 

High 1 . 1 4 : E group 

Cl) 
0 
c:: 
ro 
6 

4--l 
I... 
Cl) 

1 .  1 6  

1 .  1 8  

L 20 

1 . 2 2 

L 2 4 

T group 

Low l e 2 6 

2 Weeks  7 

Figure 2 .  Me an group s core s o n  the re a s o ni ng te s t  : 
E a nd T groups a fter 2 a nd 7 we e k s  of tra i ni ng 

Whi le s tati s tical  compari s o n  doe s not 

reveal  the s ig ni fica nce of di ffere nce needed 

t o  co nfirm the hypothe s i s  {po s sibly due to the 

s mall  s i ze of the sa mple s )  the tre nd s i n  

p erforma nce clearly follow the expected cours e . 

(b)  Heart rate s  

· Table 2 re flects  the pre -d ive va l ue s  

obtai ned a t  the e nd of  the cours e " C o ntrol  

va lues  are t ho s e  obta i ned at  the e nd o f  two 

we e k s  

C o ntrol Pre =dive n 

E Group 66 ( 1 0 ., 9 )  7 2  ( 7 0 7 )  1 2  

T Group 6 7  ( 7 . 0 ) 84 ( 6 a 5 ) 1 0  

TABLE 2 

P re -dive heart rate s at s e ve n  wee k s  a nd 
co ntrol  va lue s (me a ns a nd S ., D o s ) 

I-< 
0 
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Altho ugh h ea rt rat es dropp ed for both 

grou ps from t he s eco nd to th e s ev e nth w e eks , 

accordi ng to th e r esults from applicatio n o f  th e 

Ma n n -Wh it ney U t est, th e i ncr eas es for th e 

T gro up w er e  still sig nifica ntly high er tha n thos e 

from th e E g ro up (p < o 0 5) ,  

Co ntro l a cd pre =div e  heart rat es fo r th e 

s eco nd a nd s ev e nth w eeks ar e show n i n  Figur e 3 .. 

Hig 1-:. 1 1 0 

1 0 0  

T gro 1ip 

£ gro up 
- · · - - - - · - - - - - - - - - - - - - - - - -· Co nt rol 

L ow 60 '---,-------------.--

Figur e 3 � P re =di ve hea rt rat es at two a nd s ev e n  
w e eks, a nd co nt rol val ues 

I n  as muc h  as pr e-div e i nc r eas es i n  h eart 

rat es i ndica t e  th e d egr e e  o f  a nxi ety exp eri e nc ed 

i n  a nti cipatio n o f  th e div e*, th e T g roup was 

sig nifica ntl y  mor e a nx io us tha n th e E gro up 

th ro ugho ut th e co urs e � 

(c) Discu �;s io n o f  h_y____Q_oth es is 2 

T his hypot hesis is partly co nfirm ed e 

U nderwat e r  p e rforma nc e  follow ed th e pr edict ed 

cou rs e ;  how ev er, th e di ffer e nc e  b etw e e n th e 

two gro ups w as not statistically sig ni fica nt, 

e i th er b ecaus e t he di ffer e nc e  is r eally not all 

th at larg e or reliabl e , or b ecaus e o f  th e small 

sampl e sizes, or bo th , 

*With physical e ffort befor e m eas urem e nt h eld at a m i nimum o 

Cl) 

(l) 
� 

0 

co C: 
1-o ..... 

90 

S 80 

2 7 

t 
ro � 

Q) Q) ::r: o.. 70 
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T he T group was, and rem ained, 

s ignifi cantly more anx ious t han the E group o 

It is expe cted th at the anx iety will h ave 

be come i rrevo cably asso ciated wit h immersion, 

and th at this will imp air perform an ce in the 

d iver when he en coun ters div ing stressors not 

met with i.n immers io n "  As an ex ample of su ch 

a stresso r ,  s uLje cts were subm itted to 

compress io n in a cha mber and tested under 

pressu re " Th is exper iment is des cr ibed in 

t he following se ct i.on " 

Com pression chamber ex per iment 

In order to me asure de crement in performan ce 

result ing from compressio n to 5 atmosp heres absolute 

{equ iv alent to 1 3 2  fL ), a cogn it ive test developed 

for t his k ind of situ ation, t he Let ter Ser ies Test, was 

applied " Th is tes t is des cr ibed in Appendix III o The 

Letter Series Test was appl ied on ce on t he surf ace 

and on ce in the compression ch am ber at m ax im um 

pressure . A ratio s co re was der ived as s urf a ce 

s core d iv ided by i n �compression s core .. 

It was evident th a t  t he subje cts all experien ced 

n itrogen n arcosis in the ch ambe r .  The usu al 

l aug hter, sho uting and swe aring indi cat i.ve of 

n itrogen n ar cosi s was he ard over t he i.nter ­

commun i. cation s ystem l i nk ing the su bje cts with the 

personnel outs ide the chamber e 

T able 3 s hows the me ans and st and ard 

devi at ions of s cores give n by the E and T groups 

before ( control ) and during compress ion " 

3.5.3 --------------------------



Co ntrol Tn =compressio n n 

E group 1 8 � 2  ( 4 0 6 ) 20 o 2  ( 6 . 6 )  1 0 *  

T group 1 8 a 8  (4 0 8 ) 1 4 o 0 { 4 0 8 )  9 

TABLE 3 

Means and s .�D o s obtained by the trai nee groups 
o n  the Letter Ser_i e s  rest before a nd during com = 

E!�s s ion 
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Mea ns and S O D o s of the ratios of surface/in =  

compression performance are 1 ,  0 0  ( o 4 3) for the E 

group and 1 e 26 ( ,  33 ) for the T group o The in = 

compression performance was equivalent to surface 

performance by the E gro up but the T group scored 

lower i n  compressio n tha n  on the surface o According 

to the Mann =Whitney U test the differe nce in means 

is sig nificant (p  < o 0 1 ) ,, 

The compressi on  study clearly showed that when 

both t ra i nee group s  were subjected to a novel 

situation i which was clo sely related to diving in that 

the subjects experienced increased ambient pressure , 

the E g roup s ubjects exercised greater inner co ntrol 

over themselve s  o Put t i ng i t  another way , the 

resistance to s t ress lear Ged in  diving successfully 

carried over i nto a diving -related situation o  I t  can 

be expected that the s a me control will transfer to 

performa nce i n  the presence of other diving stressors , 

viz " cold , low vis1 biHty, etc. 

To show the relative positio ns of the groups in  

terms of  all  three performance measure s  i the scores 

are plotted ' i n  Figu re 4 o 

*Three of the total group were not a l lowed to take part because a n  
ear examinatio n  revealed i nfect i o ns " 

1 
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Hig h  e 9 0 

(J) 
0 1.. 0 0  
C 

E g ro up 

� 1 � l 0 
0 

4--' � 
� 1.. 2 0 ----

Low l e 3 0 T gro up 

Cri L 1 CrL: o 2 Co mpression 

Fig ure 4 o Com par iso n o f  _2_e rfo rn1c1 nce by gro ues E a nd T 
,Me an rat ios on t hree Ee rfo rm a nce c rite ri a  

3 . 6  Dis cussion : 

T he results o f  t his st udy s uggest t hat tr aining b ased, 

eve n p art ly, o n  NDT pr in cip les , le ads to super ior per form ance 

and lowe r anxiety in comp ar ison w it h  tradition a l  train ing 

met hods 

S upport ive ev iden ce w as fo und for t he r ation a le 

t hat unde rlies NDT pr i nc i ples, viz .. t ha t  suc h  tec hn iq ues as 

se lf =p acing, freq ue nt fee dba ck , c at hartic gro up discussions, 

et c 9, facili t a ted ad ap t at io n  to im mersion o Fur thermore, it w as 

s hown t hat t his appro a ch le ad to a n  incre ase in gener a l  stress -

resist a nce as me as ured in t he comp ression chamber experimen L 

T his finding cont rad icts t he gene rally he ld v iew (e .g . Mi les, 4) 

t hat t he stress -resi sta nce o f  a n  i r.d iv id u a l  1s co rre lated wit h 

t he am o u nt o f  st ress :ne e �cou nte rs i n  dive r tr ain ing o T his is 

no t intended to imp ly t hat t r1e t r a i nee sho u ld u nde r no 

circumst an ces be st resse d ;  o n  t he cont rary, t he w ho le ide a o f  

flex ibi lity t raini ng is to tr a 1 ri  t he d ive r to cope w it h  incre asing ly 

di ffic ult a nd d ange ro us s it uat ions rat he r  than to make li fe 

di ffi cult f rom t he wo rd 'go ' a nd ho pe he copes o 

I f  t he ND T met ho ds had no i nhe rent adv ant ages fo r 

dive r t ra ining ove r t rad 1 tio r.a l met hods , t he latter sho uld have 

been fo l lowed by supe r i.or  pe rfo rman ce for t he fo llowing re asons 
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(i) Th e E group was subj ect ed to 'adaptation ' training but 

not to 'f lexibi lity ' training . (Rough ly sp eaking, th e 

form er is int end ed to r educ e anxi ety and th e latt er to 

enhanc e th e abi lity to cop e in a vari ety of situations ) 

This was not th e fau lt of th e instructor who was not 

train ed at th e NI PR in NDT m ethods, but was du e to th e 

fact that Di ving Schoo l administration assign ed th e 

instructor train ed in NDT methods to anoth er cours e at 

a critica l stag e o A lso, th e traditiona l cours e inc lud ed 

an ex ercis e, not norma lly inc lud ed in training, which 

was sch edu led for f l exibi lity training but was not 

carri ed out . 

(ii ) Th e 'traditiona l '  group sp ent m or e  tim e und erwat er than 

th e exp erim enta l group, both at two w e eks ( 1 3 hours 

versus 2. 5 hours m ean di ving tim e) and at s even w e eks 

(approximat e ly 5 0  hours versus 2 2  hours m ean diving 

tim e) . Usua l mean diving tim e at th e end of th e 

traditiona l cours e is approximat e ly 3 0 hours . A low er 

di ving tim e is not int end ed by NDT m ethods ; no doubt 

tim es wi l l  incr eas e as instructors b ecom e fami liar with 

NDT m ethods o 

(iii) As a r esu lt of th e loss of two di vers, who w er e  

pr esumab ly poor di ver mat eria l, th e pot entia l of th e 

traditiona l group ros e . Crit erion data w ere  thus 

obtain ed from th e t en b est out of tw e lve di vers wh er eas 

th e exp erim enta l group r etain ed th e fu ll  rang e of di ver 

mat eria l. 

3. 7 Conc lusions : 

Th e stat ed h ypoth es es w er e  supported by th e data . 

Both th e obs er vations a nd  th e quantitati ve data indicat e that 

di vers train ed by NDT m ethods t end to b e  mor e eff ecti ve 

p erform ers than thos e train ed by traditiona l m ethods . 
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27 

It is recommended that NDT methods be applied to 

future Diver 3 courses at Simonstown . 

A decision to this effect would have to be taken on 

the basis of results contained in this report . It is not 

considered practicable to replicate this study unless 

assurances can be given that training research will in future 

be given sufficient priority to avoid the difficulties experienced 

on this course . 

It is further recommended that , should SAN wish to 

continue with NDT principles , instructors be trained by the 

NIPR. 

-------------· 
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APPENDIX I 

BADDELEY REASONI NG TEST 

The te s t  consi s t s  o f  6 0  items , each a s ta te me nt about a pair  of  

let ters (AB or  BA) which , in  de scribi ng the order  of the se  le tters , is  

e ither true or fal s e . 

e . g .  1 .  

2 .  

A precede s B - AB 

B does no t fo llow A - AB 

T F 

X 

X 

The score cons is t s  of the number of  i tems a nswered correctly i n  

three mi nute s . 

Reported te s t -rete s t  re liabi litie s are of the order of  o 8 0  plus . 

Practice e ffect s are small  a fte r the firs t  tria l . 

APPENDIX II 

MANUAL DEXTERITY TEST 

The subj ect is  give n a fla t  perspex plate (approx . 6 "  x 1 0 "  x f " )  

dri l led with two sets  of 1 5  hole s . The subj ect ' s  ta sk  i s  to tra ns fer  

1 5  bolt s a nd nuts from the  one se t  of  hole s to the other set  by 

unf'  �rewi ng a nut , tra ns ferri ng the bolt to  a hole  on  the  opposite s ide 

of the plate a nd screwi ng the nut up aga ins t  the plate . 

The score cons i s ts of the time taken  to transfer  al l  bol ts  a nd nut s . 



A PPE NDIX III 

LETTER S ERI ES TEST 

Two paral lel  forms of the te s t , Le tte r  Serie s I a nd II , each 

co nta i n  3 0 i tems . 

A n  ite m cons i s t s  of a s e rie s of five letters , e . g .  C H LSW . The 

s ubj ect ' s  ta s k  is to co nsider  each pair of a d j a ce nt le t ters , i . e .  

30 

C a nd H ,  H a nd L ,  etc . If a pair of letters fol lows alphabetical  orde r ,  

the va lue + l  i s  a s sig ne d  to the pair . A letter  pair opposite t o  the 

ord e r  is give n the va lue - 1 . 

Wi thout writi ng dow n the i ndivi dua l value s , the s ubj e ct progre s s e s  

through the letter  pai rs , re calli ng a nd s ummi ng va lue s to obtai n the 

fi na l a nswer a s  o ne of the fol l owi ng a lterna. tive s - +4 , + 2 , 0 ,  - 2  or - 4 . 

The numbe r of  i t e ms corre ctl y comp leted i n  5 mi nute s cons titute s 

the s ub j e ct ' s  s core . 
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APPENDIX IV 

CRITERI O N  DATA FOR EXPERI MENTAL AND C ONTROL GROUPS 

Criterion  1 C riterion 2 

Ma nua l Reasoni ng Heart Reasoni ng 
Digit Serie s 

Heart 

Dexterity Te s t  ra te Te s t  rate 

Mi ns . I te ms Per mi n .  I tems  Items Per  mi n .  

1 3 . 6  3 .  5 1 7  1 5  6 2  1 08 1 6  1 8  1 0  - * 7 2  

2 4 . 6  7 . 0  2 2  1 8  5 0  6 1  3 1  3 1  2 0  1 9  7 2  
0. 3 3 . 8  4 . 5  1 2  1 1  6 0  9 2  2 2  1 8  1 1  1 6  76  
0 4 s-. 4 . 0  7 .  1 2 9  2 9  72 9 8  3 5  3 6  1 4  2 2  8 4  

5 5 . 3 1 0  2 2  7 6 8  9 8  2 8  2 9  1 9  1 8  74  
rO 6 """"" 

7 Q) 

3 . 9 8 . 0  1 7  1 5  6 8  88  2 0  1 9  1 9  2 1  6 4  

3 .  6 5 . 5  3 2  2 5  68  88  3 5  2 9  1 6  - * 6 6  
6 8 •.-1 5 . 9  7 . 0  3 5  2 7  5 6  8 2  3 8  2 8  2 5  2 8  6 6  
Q) 9 
0. 4 . 0  6 . 5  3 6  3 0  9 4  9 2  3 8  3 0  2 5  2 8  7 0  

1 0  4 . 2  9 . 5  rs 1 2  7 0  88  2 1  1 9  1 8  1 8  8 2  
1 1  4 . 7 7 . 0  1 6  1 4  58  74  1 8  1 9  1 3  6 6 4  

1 2  4 . 0 6 . 5  2 1  1 7  68  82  2 8  1 6  1 8  2 6  8 0  

1 4 . 0  5 . 6  1 6  1 8  -* * 2 9  3 4  1 5  1 6  9 0  

0. 2 4 . 9  2 0 .  1 2 1  1 4  6 0  1 0 6 3 8  2 1  1 6  9 8 2  
:::1 

3 0 
s-. 

- * * - - * * - * 2 8  2 7  1 5  1 1  8 4  

4 3 . 3 8 . 6  4 0  3 0  5 8  8 6  4 0  3 3  1 8  1 0  8 4  -
5 rO 

6 0 

5 .  1 6 . 4  2 8  2 8  88  1 08 4 1  3 6  2 4  1 4  8 0  

4 . 7 6 . 4  2 2  2 6  6 6  1 1 6 2 6  1 8  8 -* 9 4  
•.-1 
""""" 7 •.-1 

'O 
8 rO 

s-. 

4 . 0  8 7  2 4  1 9  6 4  1 0 2 3 7  3 5  2 4  1 6  74  

3 .  7 6 . 9  1 3  1 0  5 8  1 0 2 2-2 1 5  1 7  1 4  8 4  
9 5 .  7 4 . 3  2 7  2 0  76  1 0 6 4 7  4 2  2 7  2 5  78  

1 0  3 . 3  1 7 .  9 1 5  1 0  6 4  1 2 0 1 6  1 3  1 4  1 1  9 4  
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s-. (V) s-. s-. 0 
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� 

Q) 
� 

- > Q) 
� 
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C) C) 0 •.-1 C) C) s-. ·.-I 

s-. 'O 0. 'O rO Q) rO Q) """"" rO Q) rO 
'O 4--l 'O c I 4--l 'O 4--l 6 i 

s-. 
c s-. c 0 Q) s-. 

c 
s-. 

0 Q) 
:::1 :::1 s-. :::1 :::1 s-. 

U) :::> U) :::> CJ 0.. U) :::> U) CJ 0.. 

*Not avai lable (medically unfi t ) 
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