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ABSlRACT 

This paper highlights efficient use of SAS· time variant 
procedures to create temporal data charts. SAS data files can be 
constanUy updatad for tracking of skills improvement in students 
going throUgh special programs. SAS reports can also be used to 
bener~ self·managed leamers who want to track their progress in 
certain areas. e.g., problem solving and critical thinking Skills in 
the health professions. 

RESEARCH OBJECTIVES 

(1) Cognitive skills-deficiency profiles were constructed for 
Intervention programs using several MCAT- (Medical College 
Admission Testr testing instruments that provlded a cognitive 
student profile in reading skills, problem solving skills, time 
management skills, critical thinking, and note-taking skills. Which 
diagnostic treatment was most effective? 

(ii) Several intervention programs were examined by the author 
to compare duretion and type of intervention, hours of skiDs 
training, teacher-guided and self-mana\l8d leaming, and finally, 
teachinglleaming methodology were critically analyZed. CoDaboi'­
ative leaming using SAS reports to identify weaknesses was one 
of the interventions and its effectiveness analyzed. 

INTRODUCTION 

SAS provides a highly efficient data analysis system to study 
discrete or continuous changes in skills using Health Professions 
d=Ostic instruments. Students with deficiencies in four health 
p sional skills areas: problem solving, critical thinking, c:inical 
reasoning, and information management were gIVen six 
diagnostic tests over a period of six months. Each stUdent was 
provided with a frequency distribution of weakest skills in each of 
the four areas using SAS procedures to tabulate and record 
results of each diagnostic instruments. Students were then given 
a month to enhance weaker skills using instructional resources in 
problem solving, analytical reasoning, and clinical scenarios to 
Identify critical Ihinking and scientific reasoning. All instructional 
resources had different intervention models, e.g., books, videcs, 
software, workbooks, and practice exams. Students were 
repeatedly analyzed each month with a new di8!l"ostic skills 
instrument. SAS was used to create a tracking register of all six 
di8!lnostic instruments for six months. Students were given 
rel/lSed frequency distributions showing skills deficiencies in each 
of the four areas. 

BRIEF DESCRIPTION OF METHODOLOGY 

From a la!Qe bank of undergraduate populations, students with 
deficient slQlls were chosen for this academic ana~sis. Students 
ware given Betz diagnostic tests before intervention and after 
intervention. A total of 1600 to 1700 students from several 
intervention Pf.O!IrBmS we re selected for this analysis. There are 
three types of Interventions that were. studied for over 1 year 
(1993-1994). Students were expesed to active learning methods 
either by (a) self-managed leaming using independent study 
methods, (b) 6- to a-week summer program with emphasis on 
skiDs development, or (cl year-long tutoring to a group of students 
wor1<ing full time (tutonng was only 2 to 3 hours per wee~. 
Standaldized test scores were used to measure improvement In 
skiBs. 

RESULTS 

The following deficient skills were found in all students regaldless 
of whether they worlced alone or in study groups. Tables I and II 
iRustrate the nature of weaknesses exhibited by students before 
they entered an intervention program. The fOllowing improve­
ments were detected in student performance: 
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(i) Enhanced vocabulary skills and better analysis of arguments 
and critical thinking faculties. 

(i) Enhanced math skills and verbal skills only in 6- to 8-weak 
summer programs Which emphasize on skills develDpment. 
Practice exercises and strong teacher-student interaction helped 
students improve at a fastar rate. 

(iii) Students studying independently developed more confi­
dence, had a better realistic self-appraisal and were strong in 
leaming from multiple resources. This method works for students 
who are weU-discipiined and have academic maturity. 

(iv) Students who only received weekly tutoring primarily 
foCused on selected topics and skills covered in class. These 
students demonstrated weaknesses in time management skills 
and lacked motivation. 

DISCUSSION 

Active learning methods used during class and in study groups 
were most successful and brought students together to solve 
complex problems. Students prefer having a Diagnostic Repert 
with a list of weaknesses and they cross-examine each other's 
reports to understand "common" weaker topics. Students tended 
to remember materials with more emphasis on conceptualization 
than rote memorization. Note taking was more clear to indep­
endent learners than group leamers. Communication and inter­
personal skills showed martced im!lrovement in students who 
were tutored by educators in several Interventions. 

CONCLUSION 

It was fascinating to observe the positive changes in skills with 
time. students shOwed remarkable progress in skills enhancement 
using repeated diagnostic instructional interventions. This pre­
sentation will discuss highlights of how such a study can be 
designed for other diagnoslic instruments using SAS as an 
educational measurement and analysis tool. The SASJETS- pack­
age wil be used to convert such discrete fre!l,uency distributions 
into a long-term, continuous, time val)'ing multidimensional model 
within the next two years. 
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Table 1 

MOST FREQUENT DEFICIENCIES IN MCAT SKILLS 

Verba! RealOning Sldll, (Chapter 3. Comprep, 

~ m
- Understanding Arguments 

VA 30 Evaluating Arguments 
28 Determining S"tructure 0' Argument. 

Identifyll!9 Auumptlons 
01 Finding Slfllla! Words 

r: 021 Findin, T"gger Words 
29 Detecting Fallacies 
18 Recognizing the Scope 0' Application of 

HYpotheees 

r: m 
Icfe'n~ng a General Theory ~ Model 

11 IdentifYing Comparative Relationahlps 
10 Recognizing a Paraphr.eof Complex 

Information 
('11'124

25
) Determining How to Modify ConcluaiOM 

(VR ) Judging Effect of New Evidence on 
Conclusions 

Math CgnG'ptl'Chapttr 4 Cgmprep, 
(Me 04) Proportional Analysis of Algebraic 

Equations 

! 
01 Basic ArIthmetic Operations 

C 05 Percentage Ineras .. or Dec,.... 
21 ~proxlmalions and Estimations 
03 SlmpUfying Algebraic Equations 
12 GraPhic Interpretation of Functiona 
22 Permutations, Combinations, and Probability 

problem SoMna SlejOs (eb_ 4. eomPmO 
(PS 02)" R_oin, Skills 
(PS 03) What Is Given? Step I (Problem Solving 

(PS 06) t:Bo You Solve It? Step IV (Problem 
SoMng Model 

(PS 09) How to Review Sciences Using the Problllm 
Solving Model 

(PS01) 

(PSOS) 

(PS04) 

(pS07) 

Problem Solving Using Textboob and 
Scientific Joumills 
What Is the Question? Step III (Problem 
Solving Model) 
How Can the Given Be Used? Step n 
,Problem SoMng Model) 
fs Your Solution Accurate? Step V (Problem 
Solving Model) 

(PS 01) Problem Solving Using JoumalslText Books 
ral_Iakjng $lsiP. 'M.., .. eamPtM' 
(lT 01) UsIng logic to Improve T ... ·Taklng Skills 
(TT 03) Using Questions Analysis to Improve 

Performance 
(TT 02) Studyi~ Definition. During MCAT Review 
(TT 04) Using Error Analysis to Improve Test 

PerfOrmance 
(TT 05) Determining Your MCAT Test·Taking Speed 
(TT 07) U.inglntuition, Not Gu_orlc 
Study Sleills (Ch!M!htr 2. Comp"", 
(SR 09) The Analytical Process Chart 
(SR 10) D-E·F.JN-c Approach In Leaming Scientific 

Concepts 
"'lIuallmaging or Mapping 
Understanding Instrument. and Experiments 
Note-taking and Concept Extraction from 
Books ancf Journals 

• A Complete Preparation for the MCAT, 6th Edition, Betz 
Publishing Company,lnc. 

- The top-dOwn listing of deficiencies shows the most 
frequent (e.g., VA 27) to thel_t frequent (e.g., VA 10) 
category. 
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Table 2 

MCATTOPICS MOST COMMONLY MISSED 
ON DIAGNOSnC TESTS 

Field testing of student. indicllles that the roUowing 
are problematic MCAT topics: 

"Met ToPic Pbv,!ca! $cjences 

V" Solution Chemistry 
IV P ..... and Phase Equilibria 
W Thermodynamics .. Thermochemistry 
'IN Wave Charaeterlstlcs a Periodic Motion 
I Electronic Structure and the Period'lC 

Table 
\/I Acids and a-
X Translational Motion 
)I Force a Motion, Gravitation 
Xl( Atomic" Nucl .. r S1ructure 
VJU Rate Proc_es in Chemical Reactions 
XIX Ught a Geometrical Optica 
I Chemical Bonding 

• Topic V _ the _t frequenlly miued and Topic iU w_ 
the ... t freqUently mined 

AAMe To* Bioi_cal Selene" 

I Molecular BIology 
V Nervous .. Endocrine System. 
XV HydrocarboM 
\III Digestive and Excretory System. 
)I Genetics and evolution 
XVUI Spectroscopy ••••• Structural 

Identification 
• Generalized Eukaryotlc Cell 
\/I Circulatory, Lymphalicandtmmune 

Syatsms 
)III BIological Molecules 
IX Resplntory a Skin SysIe_ 

• Topic 1_ the mold frequently mIsMd .... Topic IX_ 
........ freqU..,tIy misaecl. AAMC Topic Numbera .. 
based on the MCAT SludentManwipubilshed by the' 
AAMC. 

t AAMC representa the Auoclalion of American Medical 
CoUegn 
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Report Date: 8f1J94 

Table 3 
DIAGNOSTIC REPORTS AT A GLANCE 

(CASE I) 

Name: John Doe 

(John Doe look Ih,.. Betz Diagnostic Test. over a span of six monlhs.) 

PRAC03 PRAC04 

Raw Scaled Raw Scaled 

l Verbal Reaoning 
1

33165 
1
05 33165 lOS 

Comprehension Items 65% 55% 

Evalualion IbInIs 45% 73% 

Application IbInIs 44% 40% 

Incorp. of New Info. ltema 43% 33% 

Raw Scaled Raw Scaled 

I Physical Sciences 
1

41m 1°7 53f77 111 

Gen. Cham. Pusage Band Items 55% 68% 

Physics P.uge Baaed Items 50% 63% 

Gen. Chem. Ind. Questions 71% 75% 

Physics Inde~clentQuestions 38% 86% 

Raw Scaled Raw Scaled 

L BIological Sciences 1
37m 

1
06 45m \07 

Biology P.aage b_d Items 55% 57% 

Organic Chem. P.uge-baed 38% 50% 

Eno~ln~ntQuestions 20% 78% 

Org. Chem.lnd. Questions 50% 50% 

Summary StaUtica 

PRAC05 

Raw Scaled 

33165 lOS J 
58% 

43% 

0% 

83% 

Raw Scaled 

45m loa I 
58% 

58% 

55% 

75% 

Raw Scaled 

49ITT \07 J 
50% 

. 72% 

73% 

75% 

Note: PRAC 03, 04, and OS are Ihelh,.. Betz Diagnostic Test. taken by Ihe student on February 12th, May 19th, and July 
23rd, 1994 (PRAC 03 = Molt difficult; PRAC 04 = Moderate difficulty; PRAC 05 = Moderate diffiCUlty). 

Inferences: The scaled scores ahowed no change in verbal r_oning, ah_ed uneven changes in physical sciencea, and 
minor changes in bioiogicalaciences. 
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TabI.3 Con" 

Report Date: 111194 Nam.: John Doe W.aker Topica A SkDll 

VERBAL REASONING 

Student n""" mpre rucfing praetiett In lb. fpIlgwjnq .,eat of Humanjlial SpcjaI $c'enC!!!!. and Nalura/ Sciences' 

y.m" J!enMing TopiC! 

1) Dance (Humanili .. ) 

2) MUlic (Humanl1l .. ) 

3) Bulin_ (SocIal SeiencII) 

4) Literary Criticiam (Humanities) 

5) Paychology (Social Scitncea) 

6) Geology (Natural Sci_II) 

7) PhIloaophy (Humanitiea) 

Evaluation 

Application 

Incorp. of Naw Info. 

Incorp. of New Info. 

Application 

ComprthMaion 

Compnhtnaion 

Verbal R'"pning SkIll.: No. pi II,"" m'flr! 

- Predict rtlult baled on content ancl.ptdfic .teps "_."."" .. "._ ..... __ .. "" ...... _ ..... " .. _ .... __ ""_ .... " 8 

- Recognize a paraphrale of complex information __ • _____ • __ .~ .. " .... _ ..... " ... ___ 12 

- Judge lOundn", of an argumenl.tep "." ___ ."._. __ " .. __ ._ ...... ______ ... " __ . ___ " 5 

- OiItinguiah betw_ IUPported and uOlUpported clalma ." __ .. _ .. "_. __ .................... " __ .".""" __ 5 

Till-liking SId"': 

Note: 

- Studying extendtd dtfInitioDI durillQ MeAT review _._._ ... _______ • __ ._._._ ................. 14 

- Ualng Logic to improve IllMaking .kB .. _. ____ ._._. ___ ..... ___ .. _____ .. _. __ ._ .... __ 22 

Weaker topics and lkills shown with numb.,. Hlulrate "frequency of miaaing" on each instrument. Multiple 
numbeel iildicate how many tim .. the lkillwu not ulld in multiple 11111 lakin over lime. 
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Table 3 Con'C 

Report Daa: 811194 Name: John Doe Weaker Topics & Skills 

PHysICAL SCIENCeS 

Solution Chemiatry 

Thermociynamica and Thannoch_iatry 

Wave Charactariatica and Periodic Motion 

Fluids and SoIlda 

Electric Circuita 

Acid. and Ba .. a 

No. of tim. mjsUd 

4,5,4 

4,5 

4 

4 

4 

3 

Verba! BM!!OnI~9 Skill.: No. of tim_ mjued 

-ldantify • general tbeory or model ............................................ _ ..... _ .. "_".",,._ .. _ .. _ •• __ .. _ •• __ •• 18, 11 

-ldantify background knowledge ._''"'' __ ,,_._,, ..... _ .............. __ ..... _ .................. _._ .. _ .... _. ____ • 19 

Ma!bematical Conceota: 

- SimpDfying algebraic equ.tion. ___ •. ___ " ... "_. __ ._ •• "_ .......... ,, .. _ ....... ,, .. __ .... ,,_._._,, __ . 21 

- Basic arithmetic operation! .. _ ..... _ ........ " .. _. __ ._ ........ __ ._"_._ ..... ,, ................... _ ......... 18, 15, 17 

Problem SoMa" SkiDs: 

- Reaaoning ,lalla ._._ .. _._." ..... " .... _ .. ___ ...... " ......... __ ... _._. __ ". __ • __ " ____ .. _,, ... _ 34, 24, 32 

rett. raking SkiDa: 

- Using logic to improve C_Making .choola ._ ....... _ •• _._._ .. __ ... "_ ..... _ ..... __ ,, .................. 22, 27, 26 

Study and Beyiew Slcjlla: 

NolB: 

- Note-taking and concept extraction from boob ... _ ...... __ .. __ .......... __ ._ .......... __ .. ____ ._. __ .. 28, 21,22 

Wea!cer topic, and sldlls shown with numb .. illUltrate "frequency of miuingW on each inatrument. Multiple 
number. iildicate how many tim. the akill wu not uBed In multiple lett takeii over time. 
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Report Date: 8(1194 

Table' Con't 

Name: John Doe 

BIOLOGICAL SCIENCES 

Molecular Strucblre of Organic Compounds 

Biological Molecules 

OXygen-Containing Compounds 

Molecular Biology 

o-tica and Evolution 

DI~tiv. and Excretory System. 

Microbiology 

yerbal Be_nlng M.,: 

Weaker Topa & Skllla 

9 

7 

5.7.4 

5.7 

5.5 

6 

4,5 

No. of timu mjaed 

- \cIenIIfy a general theory or modeI ___ .... __ •• _ •• _ ..... ______ ._._ .. ___ .OH __ ._ .. _. ___ ._ ....... _.1B 

-Identify background knowledge _____ ...... _._ .. _._. ______ ....... ___ •• _ .. ____ • __ .. _. 20, 12 

- Appralle .trength of evlclence ____ ._._ .. __________ • __ ._ ... __ ...... _. __ • __ ._ ..... __ ... _ ... 15 

Mathematical CsmctpII. 

- Proportional anaIysia of algebraic equation. _____ . __ .. _ ... _____ • __ . ___ ...... _ ............. _. __ 5 

- Basic arithmetic OperatiOIll ....... _ .... _ ..... __ ... _. ____ .. __________ .. _ .... _. __ • __ ............. _. __ 11 

- Graph ... d data tab ... __ •• __ ..... _ .. ____ ... ___ ._._ .... _. ___ ._ ................ __ .. _._ .. __ .... _ ...... 4 

Problem Solyjng SI!jIIt: 

-~ing .kI ... - .. -.-..... - ... -.--..... -.-... ----.... --.---.------.----.-.-32, 32. 2B 
- Problem solving using textbooks and joumal. ___ • __ ..... __ .. _ .. ____ .... _ .... _...:.._. __ •• 14, 14, 20 

Till· Taking SkU": 

- Uling logic to improve tut.taklng school •• _ ...... __ .. _ .. __ ._ ... __ .... _ .. _ .... __ ... ___ .... _ 21. 23, 16 

ShIft and Review Sldl,,: 

- Note-taking and concept extraction from boob ._._. _____ .... _ .. _. __ ... __ ._ ....... __ .. _ ... 30,·25,21 
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Table 4 
DIAGNOSnC REPORTS AT A GLANCE 

(CASE 2) 

Report Date: 8/2195 Nllllle: Mary Sa Summary Statisllcs 

(Mary Saa took thr .. teata and her performance went up in several _kills) 

L \lerbal Rapgoinq AnalDi. 
A. Verba' SIa'._ 

83%· Recognize a Paraphra .. of Complex 
Information 

83% Identify Probable eauae of an Event 
67% App,..e Strength of Evidence 
56% Recognize Questiona of Clarification 

B. TUt Taldng Skj/I! 
87% Learning to Cope with Inillal Streu 
54% Using LOgic to Improve Teat.Taklng Skills 
53% Using Question Ailalysls to Improve 

Performanc:e 

I. phy.ieaJ 'cianc. Ana""i! 
A. \ttrba' Sldlls 

86% Judge Relevant Information Related to 
Argument 

85% Use Information to Solve Problems 
82% Identify A General Theory or Idea 

B. Tut Taldng Skill! 
91% S\udving Extended Definitions DurIng 

MCATAmew 
70% Detarminlng Your MCAT Tnt·Taking 

Speed 
69% Using Logic to Improve Teat-Taking Skille 

C. Ma!b SkU" . 
100% Estimallng Square AoolS of Common 

Num,*-
100% Exponentia" 
100% C8rtHian or Rac~e Coordinates 
80% Graphic ReprnentatiOft of Functions 

D. Problem SgMng Skills 
80% Prob!Jm Sofving Using Textbooks and 

Scientific Joumals 
71% Step II: How Can the Given be Used? 
70% Ae_oning Skilla 
67% Step .,: What Ia the QuHtion? 

E. Study and 8m. Sldll. 
81% SchecIulina and Tune Management-­

Learning Definitions 
75% NotHaking and Concept extraction from 

Books 
70% Correlating ComPrep with the 

MeAT student ManUal 

F. MCAT Topies 
100% Thermodynamicll and Thermochemistry 
71% Ph_ and Phaae Equilibria 
71% Solution Chemistry 
71% Electric Circuits 
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IL BiologiCl' $cienc .. 

A. Verbal SIsjI" 
88% Judge Relevant Information Related to 

~ument 
71% DiStinguish Betw .. n SUpported and 

UnsuJ?ported Claims 
69% Identify Comparative Relationships 

B. Tat Taldng SkUlt . 
78% Determining Your MCAT Speed 
71% Using Quntion Analysis to Improve 

PerfOrmance 
62% Using Error Analyaia to Improve Tut 

Taking Performance 

c.. Ma1b SIo'" 
100% Percentage Increase or Decreae 
100% Simplifying Algebraic Eguations 
100% ApprOXimations and Estimations 
100% Permutations, Combinations, and 

Probability 

D. !?rob'''' SgMng SkI'" 
100% What Ie the Question, Step III 
73% Step II: How can the Given Be Used 
63% Prob!Jm SoMng Using Textbooks and 

Scientific Joumala 

E Studv Skillt 
73% Correlating ComPrep with the 

MCAT Student Manw/ 
63% Viauallmaging or Mapping of Scientific 

Pass: 
61% Note- aking and Concept Extraction from 

Books . 

F. MeAT ToPies 
86% D~on and Excretory System 
77% Mcilecular Structure of Organic 

Compounds 
60% Amines 

• The percentages represent the actua' pereentaqe of items 
reDecting thallkD!. that were incorrectly anmered. 
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