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CHAPTER I: INTRODUCTION 

Integrating the computer into the educational system has been a slow 

process. Computers are becoming popular os educationol tools, and many people 

are convinced that computer technology con be used to extend troditional 

education in a positive way. However, the potential for computer assisted 

instruction (CAl) has remained largely unexplored in classrooms across the 

United States; although, mony schools districts have purchased computers for 

instructional use, most have only bought enough to put one or two in every 

clossroom (Douglas & Bryont, 1985). Even those schools that have purchosed 

large numbers of computers are using them for troditionol octivities that con 

be ocomplished as wen by other meons. 

History of Educotional Computing 

In the early 19605, university educators hcmessed mainframe computers 

for resecrch and demonstration projects, end the bosic methods end vocabulary 

of computer assisted instruction were developed at that time (Berg & Brcmble, 

1983). Attention was focused on the potential of the computer cs an 

educational device, but cost and inaccessibility prevented widespread adoption 

(Berg & Bromble, 1983). 
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About 1977~ microcomputers were introduced. They were both powerful 

ond inexpensive, ond pubJic schools begon to odopt them for educotionol use. 

Berg and Bramble (1983) hove proposed three phases of educational computing: 

the -experimentation phase- of the 1960s, the -populorizotion phase- which 

began in 1977 with microcomputers, and the -tronsition phose- which should 

begin in the mid 1980s. These phoses ore situotionol; some schools ore olreody 

moving ~nto the tronsitionol phase while other schools hove only slorted into 

the populorization phose. 

The populorizotion phose is choraclerized by schools purchosing 

computers, teachers receiving inservice educotion obout computers, ond low 

level educotionol use being mode of computers. During the tronsitionol phase 

of educotional computing, it is predicted educators will hove the opportunity to 

improve ond tronsform public educotion through technology; this 

transformation win toke place through less expensive and more powerful 

microcomputers, digitoJized voice, high quolity clossroom monogement 

software, and more sophisticoted instructionol software. To be utilized to 

their full potentiol, the unique contributions of the computer to the 

instructionol process must be discovered, documented~ ond implemented. 

Current Uses of Computers in Education 

The woys computers have been, and are being used~ in the classroom can 

be illustroted by the types of softwore ovonoble. Currently, instructionol 

computer software is most commonly classified as drill and practice, tutorial, 

problem solving, or simulotion. When using drill ond proctice softwore, the 
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student responds to 0 series of questions~ immediote feed bock oppropriate to 

eoch response is given~ ond 0 summory of his/her performonce is presented. 

Tutorial software presents instructional moterial~ osks questions~ ond 

branches to new moteriol or remediation depending on the student's responses 

to the questions. 

Problem solving software allows the user to solve specific 

discipll.ne-oriented problems~ such as exercises~ research problems~ etc. 

(Hassett~ 1984). It provides answers to problems ond/or performs 

computotions; for example, 0 computer program may be used to colculote 

t-scores on research dato. Finally~ simulotion software ploces the student in 0 

simuloted realistic setting where he/she is confronted by situations thot 

require octive porticipation in initiating and carrying through a sequence of 

inquiries~ decisions, ond actions (McGuire, 1916). For instonce, simulotion 

programs may be used to teach a person to drive 0 cor, to fly, or to perform 

vorious other psychomotor and academic skills. 

Taxonomy of Educational Softwore 

Two professors from Iowa State University, Drs. Thomas ond B'oysen~ 

believe the troditional clossificotion system for educotional software, 

described obove, hos mojor deficiencies. For exomple~ it does not provide 

guidance on how a particular application should be used in the educotional 

setting, and the cotegories do not focus the teochers ottention on student 

weaknesses (Thomas & Boysen, 1984). Thomas and Boysen have proposed 0 

toxonomy for classification of educational software that they believe focuses 
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on the needs of the leerner, provides guidance for the development of lessons 

end their instructional use, end fecilitetes the design end communicetion of 

reseerch studies. The five cetegories Thomes end Boysen heve proposed are 

presented below: 

Experiencing--sets the cognitive or affective stage for future 
learning; precedes formal instruction and should serve as a 
f oundati on for it. 

Informing--used by students to acquire information; supplements 
or repleces the textbook and lecture. 

Reinforcing--used to strengthen specific leerning objectives (e.g., 
drill and practice programs). 

Integreting--provide opportunity to apply previous learning to new 
situations (e.g., simulation programs). 

Utilizing--computer program used as a tool to perform a specific 
task. 

Eech category of Thomes's and Boysen's taxonomy represents a step in the 

learning process with experiencing being the first step and utilizing being the 

last (Thomas 1St Boysen, 1984). This classification places the focus on the 

learner. For example, if the learner uses the program prior to instruction to 

-set the stege- for leeming, the program is said to be an experiencing program. 

If the leerner uses the progn2m to acquire the information, it is said to be on 

informing program. Informing end reinforcing applicetions are usually 

computer-directed, while experiencing, integreting, end utilizing applications 

are leorner-directed. It is through leerner-directed applications thet the 

highest levels of leerning end computer literacy ore echieved, and the greatest 

degree of teecher competence and deepest philosophy of education ere required 
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'. (Thomos & Boysen, 1984). 

To date, most computer ossisted instruction programs have focused on 

lineor rote octivities in the oreos of mothemotics ond grommar, and drill and 

proctice has been the prevailing methodology (Heermann, 1984). Computer 

programs that are narrowly focused on the knowledge level of Bloom's 

toxonomyof educotionol objectives (cognitive domain) incompletely exploit 

the power of computers; computer ossisted instruction thot is merely page 

turning misses the point--a book can accomplish the same thing more 

effectively ot a lower cost (Heermonn, 1964). 

Effectiveness of the Computer as an Educational Tool 

Mony research studies have been conducted in an attempt to determine 

how effective the computer Is as on educational tool. In a review of research 

conducted by Kysi 1 ka et a 1. (1975) regardi ng the effectiveness of computer 

ossisted instruction, the conclusion was drawn that normal instruction 

supplemented by computer assisted Instruction is more effective than normal 

instruction alone. Another study, by Thomas (1979), concluded that computer 
~ ~-~'----------

assisted instruction leads to achievement levels equal to or higher than 
• -----.-,.~ ..... ~.-----•• -~ .. -- •• - ..... ----~-~~----... --"-. ." •• ~-.,~.-. ~-,-". >. ' ••• 

traditional instruction, as weH as to favorable attitudes, significant time 
"-'-- , 

savings, ond comporable levels of retention and cost. 

Numerous studies and their results can be cited. Magidson (1976) found 

that most studies of computer assisted instruction (CAl) generally conclude 

thot on instructional program supplemented with CAl is at least as effective 

as, and frequently more effective thon, 0 progrom utilizing only troditionol 

instructional methods; this finding is supported by reviews by Vinsonhaler ond 
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instructional methods; this finding is supported by reviews by Vinsonhaler and 

Bass (1972), Edwards et a1. (1975), Jamison, Suppes, and Wens (1974), and 

Hartley (1977), as reported by Shively (1984). 

Much of the research on CAl has been conducted in elementary and 

secondary schools. Meta-analysis of the effectiveness of computer-based 

COllege teaching has demonstrated that, for the most part, the computer has 

mode a small but significant contribution to the effectiveness of college 

teaching (Kulik, Kulik, & Cohen, 1980). 

The quality of research studies in the field of instructional computing has 

been questioned. Factors cited as )imiting studies include, lack of control1ed 

scientific analysis and technical problems, use of inferior CAl programs in 

terms of instructional deSign, and the influence of the abilities and attitudes 

of teachers using CAl (Murphy, 1984). In addition, research has frequently 

grouped all types of CAl programs together. Many studies have not provided a 

clear description of the type of CAl program used in the study. Without this 

deSCription and differentiation, it is difficult to determine what speCific 

characteristics of computer use have been evaluated, and generalization of the 

results of these studies is difficult. 

Technology versus Curriculum 

Integration of the computer into education has been a slow process for 

many reasons. One major factor is that successful employment of a computer 

in education depends on many hurmm variables, including the adequacy of 

software deSign, off-computer follow-up activities conducted by the teacher, 
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consistency of course objectives with student interest, and the way in which 

the CAl experience is integrated with the student"s overall instructional and 

socio1ization program (Shively, 1984). Another reoson CAl has been slow to 

advonce is thot to dote, there hos been litt1e evidence that 1arge sums of 

money are to be mode out of teaching, whether by human or machine (Shively, 

1984). 

Teachers ore transferring their existing teoching techniques to the 

computer rather than using the computer to its full potential. Many of the CAl 

programs presently available are computerized versions of traditiona1 

instruction--they are not innovative, nor do they reflect high regard for high 

level learning strotegies. Computer assisted education risks automating the 

most ineffectual assets of traditional education (Heermann, 1984). 

At present, the dominant educational use of computers is to provide 

students with drill and practice. While computer hardware has improved in 

power, the curriculum material available on the computer has not matched 

pace with regard to quality; most learning materials available have not been 

produced by any coreful process, and few have undergone careful evoluative 

study (BorK, 1984). The best computer assisted education programs engage the 

learner in reol-world situations, encourage observation and reflection, and 

culminate in the application of learning to new situations (Heermann, 1984). 

In many situations where computers are being used in the educational 

system today, the technology is driving the curriculum rather the the 

curriculum driving the technology. Many schools that are buying computers ore 

not certain what to do with them; the ability of educators to exploit the 

computer has not kept poce with hardware developments (Aiken, 1980). Poor 

quality CAl programs may be used for lack of availability of better programs, 
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tmd/or for lack of knowledge of more appropriate ways to utilize computers in 

education. Teochers moy be given a computer to use, but not instructed in how 

to utilize it to its fullest potentiol. AUhough much of the current educational 

softwore' is limned ond of mediocre quolity, these ore not deficiencies of the 

technology, but only reflect initial development efforts (Podemski, 1964). 

Research in the Field 

Mony studies hove concluded thot computer ossisted instruction leods to 

ochievement levels equal to or higher thon troditionol instruction, favorable 

ottitudes .. significant time savings .. ond comparoble retention and cost 

(Thomas, 1979). However, most studies hove compored traditional instruction 

to computer assisted instruction which closely emulotes troditional 

instruction (Jamison, Suppes, & Wells, 1974). While research regarding CAl is 

not without flaws, the following conclusions con be drawn: 1) CAl is at least 

as effective as traditional instruction; and 2) no one mode (dril1 and practice, 

tutOrial, Simulation, or problem solving) has clear superiority over the others 

(Murphy, 1964). 

Recently, reseorch on computers in education has been criticized for 

stripping the medium down to its bare technology. This type of research 

assumes that there is some aspect of the medium of instruction that causes a 

positive or negative effect on the learner. It assumes that computers ore 

introduced into the classroom in 0 highly structured fashion in order to 

facilitate the attainment of old objectives. It is naive, however, to assume 

that the medium .. rather than some specific attribute or quality of it affects 
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leorning; when everything else in instruction is held constont, except the 

medium, not much of on effect Ctln be observed (Solomon & Gordner, 1986). 

The best current evidence demonstrotes thot medio ore mere vehicles thot 

deliver instruction but do not influence student ochievement ony more thon the 

truck thot delivers our groceries couses chonges in our nutrition (Clork, 

1983). In studies where dHferent instructors teoch control ond experimentol 

groups, 10rger differences ore found thon in studies in which 0 single teocher 

teoches both groups to control for instructor effects (Kulik, Kulik, & Cohen, 

1980). There is reoson to believe thtlt this is due to the greoter control of 

nonmedium voriobles (Clork, 1983). 

Medio ore vehicles for instruction ond do not directly influence leoming, 

however, certoin elements of different medio moy focilitote 1eorning (C10rk, 

1983). Reseorch on computer ossisted instruction needs to be more explicit in 

terms of specifying the objectives of the use of the computer in the study ond 

the instrucUonol opprooch to its use in order to expJtlin its effects. In other 

words, reseorch must be very specific in describing whot chorocteristics of 

computer use ore being evoluoted before the effects of this use con be 

exp10ined in 0 meoningfu1 woy. 

Purpose of this Study 

Due to deficiencies currently existing in the uses being mode of 

computers in educotlon, poor Quo1ity educotionol softwore which does not 

moximize the educotionol potentiol of computers, ond lock of empirico1 

evidence thot computers con moke unique ond beneficio1 contributions to 
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leorning, computers hove been slow to become on integrol port of educotion. In 

order for reseorch to be conducted thot win determine the ectuel 

effectiveness of computers in educotion, educotionel softwore must be 

developed thet is bosed upon esteblished principles of leerning. Computers 

must be utilized for those things thet cen be eccomplished beUer by computer 

then by other meons, end the objectives for computer use must be cleorly 

steted end meesureeble. 

Often students ere determined to hove mestered e perticuler skill or bit 

of knowledge as evidenced by performonce on classroom acitivities end yet are 

not eble to correctly epply the knowledge or skill to a reel-world situotion. 

Computers may be able to aid in resolving this problem through eppropriotely 

designed progroms. For exomple, computers moy be oble to provide 

simulations representotive of reol-world situotions, thus, promoting the 

trensfer of leorning. Studies need to document empiricel evidence of this 

benefit, if it exists. 

V This stUdy investigeted the effects of e computer essisted educetionel 

progrem designed to provide e unique experience for users. The stUdy wes 

besed upon the belief thot computers themselves do not offect leerners in ony 

direct woy, rather, it is the way they are used in instrucHon that is important. 

The computer ossisted instruction progrom used in the study provided 0 unique 

instructionol environment in which students were given problems to solve in 0 

discovery monner. The progrom wos odministered prior to troditionol 

instruction to set the cognitive stoge for loter leorning, ond its effect upon 

retention end trensfer of leorning wos meosured. 

The computer progrom used in this study was designed by this reseorcher 

specificolly for the subjects in this study to provide 0 new leerning 
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experience for them. This study was not designed as a media comperison 

study; it did not involve two instructionel groups receiving the same 

instruction .. one vic the computer and one vic traditional instruction. Rather .. 

the study wes explorctory in nature .. end attempted to identify some of the 

possible unique cheracteristics of the use of computers in educetion. Once 

these characteristics are identified .. further studies may be conducted to 

determine which characteristics of computer use are crucial to its effects 

being positive. Once these characteristics have been described .. guidelines for 

effective use of computers in education can be estabJished. 

Hypotheses 

1. There will be no difference in performance on tests of short 
term retention between students who use the treatment CAl 
progrem prior to trcditional instruction and students who 
receive no treatment prior to traditional instruction. 

2. There will be no difference in performance on tests of near 
trensf er between students who use the treatment CA I 
progrem prior to traditional instruction and students who 
receive no treatment prior to traditional instruction. 

3. There will be no difference in performance on tests of fer 
transfer between students who use the treatment CAl 
progrem prior to treditional instruction and students who 
receive no treetment prior to traditional instruction. 

4. There will be no difference in performence on tests of long 
term retention between students who use the treatment CAl 
progrcm prior to trcditional instruction and students who 
receive no treetment prior to traditional instruction. 
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Overview of the study 

The subjects utilized in this study were students in on ossociate degree 

registered nursing progrom. There were severol reosons for the study being 

conducted in 0 nursing progrom. First, this reseorcher has been involved in the 

field of nursing for opproximotely ten yeors, ond in nursing education for the 

post four yeors, ond therefore, hos porticulor interest in the role of computer 

ossisted instruction in nursing educotion. Also, the field of nursing educotion, 

ond heolth core education in general, has rich possibilities for the computer. 

Computers are copoble of providing clinicol simulotions, which closely 

opproximate the clinical experience, yet provide 0 controlled environment; 

hence, the leomer has the opportunity to become a primary core provider who 

can incorporate previously learned concepts, procedures, ond principles in a 

unique situation where error con occur without horm to clients (Yucho & 

Reigeluth, 1983). Simulations provide leorning opportunities without being 

dependent on the occidents of nature ond the flow of clinical problems 

availoble at the particular place and the specific moment in time when 

instruction is to be given or an assessment is to be made (McGuire, 1976). 

Computer simulations moke it possible to focus on the elements of primory 

concern in 0 leorning situotion ond to eliminote the irrelevont -noise- present 

in reaUty which complicotes leorning (McGuire, 1976). 

Computer-based instruction con be used to individualize instruction, 

making educotion more meaningful and efficient for the voriety of students in 

nursing. Another importont reoson for using computers in nursing educotion is 
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to prepare students for future use of the computer as a tool in nursing as 

increosing numbers of heolth core facUlties are utnlztng computers In patient 

care monogement an~ In record keeping (Yucho & Relgeluth, 1963). 

Although the potentiol oppl1cotions of computers In heolth educotion Is 

unlimited, both as a motivational device and as a device for o11owlng students 

to apply knowledge to hypotheticol problems, computers os a boslc tool for 

nursing educotlon hove been used very little (Yucho & Reigeluth, 1963). The 

implementotion ond utl1ization of computer ossisted Instruction In nursing 

educotion wl1llnvolve plonned Institutional change (Murphy, 1964). Before this 

type of chonge 'Win occur, empiricol evidence ot the unique contributions of 

computer applications to leomlng must be documented. 

The leomlng concept utl1lzed In this study 'Wos acid-bose bolonce In the 

human body. In this reseorcher"s Involvement with nursing education over the 

post several yeors, it hos been found thot the concept of acid-base balance Is 

partlculorly difficult for students to grosp, retain, and tronster to the cl1nlcal 

(reol-poUent) setting. This Is likely due to the complexity of the subject, ond 

the lock of a concrete representation of the concept. The CAl program utl1lzed 

in the stUdy was 0 mlcro'World centered around the acid-base status of a vial of 

solution. The program consisted of slmuloted experiments In which the student 

monipuloted the ingredients In 0 vial of solution, and discovered the effects of 

these monipulaUons upon the pH (ocid-bose status) of the solution. 

This progrom allowed students to actually observe the pH of the simuloted 

viol of solution chonge according to acid-base status. Of course, it Is not 

Possible for the student In the cl1nlcol setting 'With humon poUents to directly 

observe the potient's blood pH change according to the level of certoln 

porometers. The progrom was designed to convert acid-base status In the 
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human body to e more directly observable~ more concrete and attainable 

concept by providing a model for the student. This type of activity could be 

accomplished by use of the computer better than by use of any other medium. 

By using the computer~ the student wes able to ectually manipulate variebles 

rather then simply observe the manipulations of enother. Also, results of these 

manipuletions could be observed quickly, end the menipulations were recorded 

on computer disk for future reference by the student. This activity could not be 

duplicated in the reel-petient hospital setting, in e chemistry leb, on video 

cassette, or by other means. 

The computer progrem was used prior to traditionel classroom instruction 

on acid-base status in the human body. A control group and an experimental 

group were used~ and a pretest was administered to all subjects prior to the 

experiment to measure knowledge of the meteriel to be covered on ecid-base 

balence. Following instruction, near transfer~ fer transfer, short-term 

retention, end long-term retention of leerned concepts were measured. 

Near transfer in this study was defined as transfer from one 

school-learned event to another school-learned event~ and wes evaluated by 

pencil and paper acid-base word problems. Far transfer referred to transfer 

from e school-learned event to a real-world situation, cnd was evcluated by 

asking the student to determine the acid-base status of clinical patients in the 

hospital setting from actual patient data. The far transfer situation closely 

simulated the actual working environment the nurse would experience 

following graduation from the nursing program. Short term retention was 

evalucted by a unit post-test given following instruction. long term retention 

was evaluated by repeating an equivalent post-test six weeks after instruction. 
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Definition of Terms 

Advance Organizer: 

Associate Degree Nursing Program: 

Di scovery Learni ng: 

Experiencing Program: 

For Transfer: 

Information presented prior to 
instruction to activate existing 
cogni t i ve structures in order to 
faciJitate assimiJation of new 
information. 

Twenty-two month instructional 
program in nursing education. Upon 
successful graduation from the 
program, the student is eJigible to take 
the Iowa Board of Nursing Licensure 
Exam for Registered Nurses. 

Instructional process that places 
responsibi1ity for finding information 
or problem sol utions on the learner. 
The learner must use investigative 
procedures to obtain information. 

Computer program used prior to 
traditional instruction to set the 
cognitive or affective stage for 
learning. 

Abi1ity to apply knowledge gained from 
a school-learned-event to 6 real-world 
(out of school) event. Refers to a 
situation where the stimulus for the 
transfer event is different from the 



long Term retention: . 

Meaningfulleaming: 

Microworld: 

Neor Tronsfer: 

Short Term retention: 

Tronsfer of leoming: 

16 
stimulus for originalleaming (Royer, 
1979). 

The ability to retain Information In 
memory. Meosured six weeks ofter 
instruction by written exam. 

Process In which the leamer relotes 
new informotion to previously oCQuired 
knowledge (DuBois, Alverson, & Stoley, 
1979). 

A computer-bosed Interoctive leomtng 
environment where leomers con 
become oct i ve, constructing. orchi tects 
of their own leoming (Popert, 1980). 
The user manipulotes elements of the 
simuloted environment, observes the 
results of these monipulotions, ond 
drows conclusions from these 
observot ions. 

Ability to opply knowledge golned from 
one school-leomed-event to onother 
school-leomed event. Refers to 0 

situation where the stimulus for the 
tronsfer event Is similor to the 
stimulus for originolleomlng (Royer, 
1979). 

Ability to retoln informotion In 
memory. Meosured seventy-two hours 
ofter instruction by written exom. 

Ability to opply knowledge to 
situotlons differing from those 
encountered during originolleoming 
(Royer, 1979). 



Treetment: 

17 

Use of on experimentol computer 
progrom designed os 0 discovery 
leerning microworld in which students 
experiment with the concept of 
eCl d-bose stetus. 
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CHAPTER II: REVIEW OF LITERATURE 

Computers ore being used in educotion primorily in drill ond proctice or 

tutoriol modes. Both of these octivities con be provided quite eosny without 

use of 8 computer, and they promote lower levels of leorning--knowledge and 

comprehension as defined in Bloom's toxonomy. This study is directed ot 

determining the effect of use of the computer In a well-plonned,nontroditional 

approach on retention and transfer of learning. 

The computer assisted instructionol program utilized In this study was 

designed based upon the following Ideas and learning strotegles: 1) discovery 

learning; 2) meaningful learning; 3) transfer of learning; 4) mlcroworlds; and 

5) experiencing. Review of literoture pertinent to each of these concepts Is 

presented In the order above. Eoch Is discussed as it relates to the treotment 

progrom used in this stUdy. 

Discovery Leornlng 

Learning is a way of getting from a state of not knowing to 8 state of 

knowing (Strike, 1975). Discovery learning has 8n indepentlencecondilion, that 

means it involves trying to find out something 8S though there were no one to 

find out from; finding out from someone else is not discovery learning (Strike, 

1975). The discovery method of teaching calls on students to use Investigative 

procedures to obtain Information and make observations, then organize their 
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procedures to obtoin informotion and moke observationsl then organize their 

thoughts ond moke sense of them (Chorles et 01.1 1976). 

When the discovery opproach to leorning is used l it is importont that the 

student is successful in discovering the solution to the problem. It is olso 

importont thot the student verify the correctness of his/her discovery. In 

other words, the student discovers 0 propositionl hypothesizes this 

propositionl ond independently obtains evidence to verify the truth of the 

proposition (DuBoisl Alversonl & StoleyI1979). In this type of setting l the 

teocher provides encourogement ond helps students when they run up against 

obstocles they con not overcome (Charles et al.I 1976). 

Severol studies have shown that performance on problems involving new 

rules is greater following discovery learning than following rule learning 

presentation (DuBois, Alversonl & StoleYI 1979). The discovery learning 

environment should provide 0 situation in which students can tie new 

information to old. When the primary objective of instruction is that the 

learner be able to tnmsfer skins from the classroom to the real-world settingl 

the discovery approoch is advantageous. Discovery instruction aids in the 

transfer of learning becouse it gives the student opportunity to practice 

problem solving in a situation which is more representative of actual problem 

solving than is expository instruction (DuBoisl Alverson, & StaleYI 1979). 

In 0 discovery learning environmentl the student is very active in the 

learning process, as demonstrated by the above discussion of discovery 

learning. As research has evidenced, the more octive G student is in the 

learning process, the more he/she learns (Yucha & Reigeluth, 1963). The more 

interconnections the learning has with G person's experience and the more 

active he/she has been in using the learning, the deeper the impact will be on 
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his/her memory (Redman~ 1976). 

The discovery learning approach has been promoted by Papert and his 

associates ot MIT~ and seems to have considerable appeal for many educators 

involved in instructional computing (Roblyer~ 1963). There seems to be 

two-part reasoning for this: 1) self-directed~ exploratory leoming is the only 

method which exploits the unique potential of microcomputers~ ond 2) these 

approoches will yield greater goins in the long run for students thon will using 

computers for tmditionolleorning methods (Roblyer~ 1963). 

The computer program utilized in the study places the student in a 

discovery leoming environment. The student is given 0 problem to solve .. is 

allowed to experiment within the computer environment to dlscover the 

solution to the problem .. is asked to hypothesize the solution .. ond is required to 

test his or her hypothesis until satisfied it is correct. The program is layered 

in three sections .. with the solution to one problem providing the basis for the 

solution to the next. The process of the solution to a problem building upon the 

solution of the previous problem, or prior ~nowledge~ should promote the 

occurence of meaningfulleorning. 

Meaningful Leoming 

David P. Ausubel is the educotional psychologist most associoted with the 

theory of meaningfulleaming. According to his theory .. meaningfulleaming 

comes about when the leomer relates new information to previously acquired 

knowledge (DuBois~ Alverson~ & Staley~ 1979). The Icey prerequisite for 

meaningful learning is that the learner possesses relevant prior concepts 
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(Summers, 1982). People learn and remember what they have learned only to 

the extent that the new information to be learned relates to existing cognitive 

structures, or schemas (Owen, Blout, & Moscow, 1976). 

For meaningful learning to occur .. the information to be learned must be 

potentially meaningful, and the leGrner must approGch the new information 

with the intention of relating it to his/her cognitive structure in a substantive 

and nonarbitrary manner (DuBoiS, Alverson, & Staley .. 1979). Since it may be 

unlikely that learners possess ideolly relevant concepts, it may be desirable to 

introduce these concepts prior to presentation of the learning task; these 

introduced subsumers could thus constitute efficient advonced organizers or 

onchoring foci for new material (Mouly, 1971). 

Without relevant prior knowledge, students must simply memorize new 

concepts. Information which is simply memorized, is forgotten quickly and the 

student is unlikely to be able to apply the information to a new situation; 

individuals forget nonsense material and isolated facts (Redman, 1976). If the 

factors required for meaningful learning do not exist, rote learning occurs in 

which the material is said to -Jack meoning- to the learner (DuBoiS, Alverson, & 

Staley, 1979). Meaningful learning is superior to rote learning because rote 

learning occurs without comprehension, therefore, the only performance 

supported by it is verbatim repetition, and information learned verbatim is 

forgotten quickly (DuBois, Alverson, & Staley, 1979). Meaningful learning 

facilitates the learning of new related information and promotes retention and 

transfer of learning. 
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Tnmsfer of Learning 

A major goal of education is that students be able to successfully apply 

what they learn in the classroom to novel situations outside the classroom. To 

facilitate this" learning should go beyond memorizing or paraphrasing; teachers 

should teach for tr6nsfer (Wollmon" 1963). Transfer of learning is defined as 

the ability to apply a particulor skill" or bit of knowledge, to situations 

differing from those encountered during originollearning (Royer, 1979). 

Theories on tronsfer of leorning have been around for many years. The 

predominont learning theory at the foundation of education up until the eorly 

20th century hod at its core a concept of transfer caned the -doctrine of 

formol discipline- (DuBois, Alverson, & Stoley, 1979). According to the 

doctrine of formol discipline, the mind wos 0 muscle which could be improved 

and strengthened through exercises such as reciting passages in Greek and 

Latin; it was believed that the improvement in the mental faculties by these 

exercises would tr6nsfer to all types of situations experienced in life (DuBois, 

Alverson, & Staley, 1979>-

Theories on transfer of leorning have been refined since early times. The 

theory of formol discipline has now been rejected os an explanation for 

transfer of learning because studies have shown that students of equol initial 

mentol abl1ity toking so-coned -formal- and -non-formal- discipline courses 

made about the same gains on mental tests given at the end of their course 

work (Cr6ig,1961). It is now believed that tr6nsfer of learning is of a much 

less gener61 nature than held in the doctrine of formal discipline. In the first 

decade of this century, E. L. Thorndike conducted research demonstrating that 



23 

transfer effects among educational tasks are quite specific and depend upon 

the presence of similar elements in both tasks. 

A number of distinctions in types of transfer have been made; a few which 

are pertinent to this study will be discussed here. A number of years ago Gagne 

made a distinction between lateral and vertical transfer of learning. Vertical 

transfer occurs when a learned capability at one level facilitates the learning 

of a skHl at the next higher level (DuBois, Alverson, &. Staley 1979). Lateral 

transfer of learning occurs when a learned capability generalizes to a broad 

set of situations at roughly the same level of complexity (Royer, 1979). 

Another distinction that has been made by many authors is between near 

and far transfer. Near transfer refers to a situation where the stimulus for the 

transfer event is very similar to the stimulus for the original learning while 

far transfer refers to a situation in which the stimulus for the transfer event 

is somewhat different from the stimulus for the original learning (Royer, 

1979). Royer (1979) gives the following examples of near and far transfer: 

near transfer--originallearning involved adding two digit numbers, transfer 

assessed by adding three digit numbers; far transfer--originallearning 

involved number problems, transfer assessed by substituting addition word 

problems. 

In this study, near transfer referred to transfer of learning from one 

school-l earned-event to another school-learned-event. Specifica11y, transfer 

from numerical acid-base problems to acid-base word problems. For transfer 

referred to transfer from a school-learned-event to a real-world (out of 

school) event. Specifica11y, transfer from numerical acid-base problems to 

actual hospital patient acid-base problems. See Figure 1 for sample transfer 

items. 
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Cognitive theories on transfer of learning suggest that the likelihood of 

tnmsfer is dependent upon the likelihood of encountering similar elements in 

the learning environment and the tranSfer environment (Royer, 1979). This 

would suggest that a learning environment that increased the likelihood of 

encountering real-world characteristics would promote transfer. In a study 

conducted by Huckabay, Anderson, Holm, and lee (1979) support was found for 

this theory of tnmsfer of learning which proposes that when students are 

provided with the opportunity to learn in environments that are similar to 

actual situations and when they master the content presented, they will be able 

to transfer and apply theoretical knowledge to real-world situations. 

If e main goal of education is thet students not only acquire knowledge 

about e speCific SUbject matter, but elso be eble to epply or transfer whet they 

heve leerned to actuel situations, then teaching strategies that employ 

computer essisted instructional progrems designed eccording to esteblished 

principles of leerning will eneble students to 1eern end trcnsfer what they heve 

learned to real-world situations (Huckabay et at, 1979). Therefore, the CAl 

program utilized in this stUdy was designed to provide a learning environment 

through simulation which contains parameters similar to the ones most likely 

to be encountered later in ectual situations. The simu1etion contains 

real-world characteristics; this simulated ·world· may be referred to as a 

microworld. 

Microworlds 

In his book Mindstorms. Papert promotes two important principles of 

1eerning. He states that if one wishes to learn something new, he or she should 



26 

first, relote whot is new to be leorned to something already known, ond second, 

he or she should t~ke what is new and make something with it, play with it, 

build with it--moke it his/her own (Papert, 1960). He promotes 0 porticulor 

environment in which students can relote what is new to what is already 

known, and moke the new idea their own--o microworld. 

A microworld is a simulated world in which the student has direct access 

to the fundamental aspects of what they are to learn about. A microworld is a 

·place- where certain kinds of thinking can hotch ond grow--an incubator so to 

speak (Papert, 1960). A microworld is designed to eliminate roadblocks to 

learning; it should be interactive, elements are manipulated by the learner, 

providing an environment for active learning. In a microworld, the learner can 

invent their own assumptions about the microworld and its laws; these 

environments a110w the student to discover facts, make propositional 

generalizations, and learn skins (Papert, 1960). 

The primary learning experience in a microworld is not memorizing facts 

or practicing skins, it is getting to know a new concept through manipulation 

of variables, and observation of the results of these manipulations. Papert·s 

microworlds anow self-directed, exploratory learning which exploits the 

unique potential of microcomputers. The characteristics of a microworld 

described by Papert are very similar to the principles of discovery learning, 

transfer of learning, and meaningful learning discussed earlier. 

The computer program used in this study fits the definition of a 

microworld. It provides a discovery environment in which students are able to 

manipulate variables within a controlled setting, and observe the results of 

these manipulations. In this manner, users ore able to form hypotheses, 

discover facts" and moke generalizotions. 
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Experiencing 

As presented e8rlier in this p8per, Drs. Thom8s 8nd Boysen .. from IOW8 

State University .. have described a taxonomy of computer instruction in which 

CAl programs are classified according to the state of the student at the time 

of learning .. with respect to the knowledge .. skill .. or attitude being acquired. 

T~~~~cj f i ~ m!)J!ElJ~~o..!~~~'!t!~_~~i ~--~.~.!J!!}:t __ ~_s.J~~ ~~p~ri enc~ ng mode. 

Progr8ms used in the experiencing mode are used prior to formal 

instruction to set the cognitive or affective stage for learning. These 

programs serve as a foundation for formal instruction. Experiencing programs 

8re le8rner-directed, 8nd it is through learner-directed applications that the 

highest levels of le8rning 8re 8chieved (Thomas & Boysen 1984). The 

experiencing dom8in of Thomas·s and Boysen·s t8xonomy is closely related to 

the theory of advance organizers. Advance organizers are defined as 

8ppropriately relev8nt introductory m8teri8ls introduced in 8dv8nce of 

learning to provide ideational scaffolding for the stable incorporation and 

retention of more detailed material that follows (Mayer, 1979). An advance 

organizer generally has the fonowing characteristics: 1) short set of verbal or 

ViSU8l information; 2) presented prior to learning 8 larger body of information; 

3) contains no specific content from the to-be-le8rned information; 

4) provides a means of generating the logical relationships among the 

elements in the to-be-learned information; 5) influences the learner"s 

encoding process by providing 8 new gener8l org8niz8tion or 8ctiv8ting an 

existing general organization (Mayer .. 1979). 

The effectiveness of advance organizers has been Questioned. Based on 
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review of 32 studies~ 12 of which reported thot odYonce orgonizers focilitoted 

leorning ond 20 of which reported thot they did not, Bornes ond Clowson 

(1975) concluded thot ·odvonce orgonizers~ os presently constructed, do not 

focilitote leoming: In 0 rebuttol to Bornes ond Clowson's orticle~ Ausubel 

(1976) stoted the studies reviewed foiled to onolyze both the leomer's 

releyont subsumers olreody present ond the proper leyel of item difficulty for 

test questions. Hoyer (1979) identified mojor Jimitotions to the Bornes ond 

Clowson reYiew~ ond concluded thot there ore definoble situotions in which 

convincing evidence for the effects of odYonce ogonizers hos been estobJished; 

when used in appropriote situotions ond when eyoluoted odequotely, odYonce 

orgonizers do oppeor to influence the outcome of leoming. 

Computers moy be on oppropriote vehicle for providing odYonce orgonizers 

through use of computer ossisted instructionol progroms in the experiencing 

mode os described by Thomos ond Boysen (1984). The success of experientiol 

progroms depends on two importont conditions: 1) the students relote to the 

progroms~ ond 2) the progroms relote to importont intellectuol structures or 

ottitudes (Thomos & Boysen~ 1984). Experiencing progroms provide students 

with 0 model thot con be monipuloted prior to instruction to loy the foundation 

for leorning. 

Summary 

The primary goal of education is for students to be able to retoin 

informotion and opply the informotion to novel situotions outside of the 

clossroom. The process of opplying informotion to novel situotions is referred 



29 

to as tnmsfer of learning. Distinctions have been made between the ability to 

transfer learning from school-learned-event to school-learned-event or near 

transfer, and transfer of learning from school-learned-event to real-world 

(out of school) events or far transfer. The probability that a student will be 

able to transfer learning Clm be increased by providing an appropriate learning 

envi ronment. 

Research summarized in this chapter identified the advantages of 

discovery learning and meaningful learning in the promotion of retention and 

transfer of information. Discovery learning is learning through the use of 

investigative procedures. Discovery instruction aids in the transfer of 

learning because it gives the student opportunity to practice problem solving 

in a situation representative of actuol problem solving. The discovery leorning 

environment should provide a situation in which meoningfullearning can occur. 

Meoningfulleorning occurs when the student is oble to link new 1nformotion to 

be learned to prior existing knowledge. For this to occur, the student must 

possess relevont prior concepts. 

To ensure thot the learner possesses relevant prior concepts, advance 

organizers may be provided. Advance organizers ore appropriately relevant 

introductory moteriols introduced in advonce of learning to set the cognitive 

stoge for leorning. Computers may be oppropriate vehicles for the 

presentation of advance organizers. When computer assisted instructionol 

programs ore presented in odvonce of formol instruction to set the cognitive 

or offective stage for leorning, they are classified os experiencing mode 

progroins occording to the taxonomy of educationol software identified by 

Thomos and Boysen (1984). 

These learning concepts, discovery learning, meaningfulleorning, transfer 
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of learning~ advance organizers~ and experiencing mode programs~ can all be 

pu11ed together within the concept of a microworld. Microworlds are 

simulated environments in"which the student has direct access to aspects of 

what they are to learn about. The student is able to manipulate variables 

within the parameters of the simulation~ observe the results of these 

manipulations~ form hypotheses~ discover facts~ and make generalizations 

from the information gained. In this manner~ the student learns in a 

meaningful way~ in a discovery environment which is similar to the natural 

process of problem solving. 

The research reviewed in this chapter and summarized above~ provides the 

foundation upon which this study is based. The treatment used in this study is 

a computer based mlcroworld program which was administered prior to the 

formal presentation of learning material to ensure that students had relevant 

prior knowledge in order to promote meaningful learning., and therefore., 

retention and transfer of learning. 
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CHAPTER III: RESEARCH METHOD 

This chapter contains a description of the treatment CAl program used in 

the study~ the study population~ the data analysis measures~ and the steps 

taken in carrying out the research project. The CAl program and its use in the 

study are explained in detai1~ fonowed by presentation of the characteristics 

of the population. The description of the population is presented in order for 

the reader to assess the generalizability of the research findings. Next~ the 

questions addressed by the study are presented~ a detailed account of the 

steps taken to col1ect and analyze data is given~ and llmitations of the study 

are discussed. 

Description of the Treatment 

The CAl program used in this stUdy provided a discovery environment in 

which students were provided with variables to manipulate and probtems to 

solve. Users conducted ·experiments· to form hypotheses regarding the 

solutions to these problems. The computer activity was conducted prior to 

traditional instruction to provide a meaningful foundation upon which 

learning could be based. 

The program established a simulation of a lab in which students 

conducted experiments. They were presented with a simulation of a vial of 
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solution, ond were given three pieces of informotion Gbout this solution. They 

were told the pH of the solution, Gnd thot the solution contoined two primory 

ingredients; one ingredient WGS Gn ocid, ond the other wos 0 bGse. They were 

told the normollevels of the Bcid Bnd the bose, Gnd were 6llowed to 

experiment with the levels of these two ingredients. Students were given 

problems to solve through their m6nipu16tions of the ingredients 6nd were 

oble to observe the effects of these monipulotions on the pH of the solution. 

Figure 2 presents 0 diogromotic representotion of the flow of this progrom. 

In discovering the solutions to the computer-microworld problems, users 

should h6ve formu16ted the following bosic concepts: 

1) If the omount of ocid in 0 solution is increosed, 011 else being equol, 

the pH of the solution will become 6cidic. 

2) If the omount of 6Cld in 0 solution is decreosed, 011 else being equ61, 

the pH of the solution will become 611<611ne. 

3) If the 6mount of bose in 0 solution is increosed, 011 else being equol, 

the pH of the solution will become oll<o11ne. 

4) If the omount of bose in 0 solution is decreosed, 011 else being equol, 

the pH of the solution will become ocidic. 

5) The normollevel of on ingredient within the solution folls within 6 

r6nge, r6ther thon being 0 specific 6mount. 

6) Compens6tion for 6cidic or 611<611ne pH C6n be occomp11shed by 

incre6sing the level of the ingredient with the opposite pH. 

C16ssroom instruction which followed use of this progrom by the 

experimentol group focused on ocid-bose bolonce in the humon body. 
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Introduction/Instructions 

1 
QuesUons RegDrding the Acid Ingredient 

1 
ExperimentDUon/Problem Solving 

1 
F onnDt j on of Hypotheses 

1 
Testing of Hypotheses 

Questions RegGrding tJ AlkGllne Ingredient 

1 
ExperimentDUon/Problem Solving 

1 
FonnDtion of Hypotheses 

1 
Testing of Hypotheses 

1 
Questions RegDrd1ng CompenSGtion 

1 
ExperimentDtion/Problem Solving 

1 
FonnGtion of Hypotheses 

1 
Testing of Hypotheses 

Figure 2. Diagramatic representation of the treatment program now 
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Voriobles monipuloted in the CAl progrom were not identicol to the voriobles 

students were taught to anolyze in determining ocid-base stotus in the human 

body. However6 the concepts described above constitute relevant prior 

knowledge upon which to base meoningfullearning. 

The program used in this study W6S defined 6S a microworld. It was 

designed to provide opportunity for students to monipulote variobles in a 

discovery environment to set the stoge for informotion to be presented in 

class following its use. In this manner6 it provided for the development of 

relevant prior knowledge upon which meaningful learning could occur. It was 

used in an experiencing mode prior to instruction. 

Description of the Population 

Subjects for this study consisted of students enrolled in the second year 

of the Associate Degree Nursing (RN) Progrom at Southwestern Community 

College (SWCC) in Crestonl Iowa. All SUbjects had completed a Licensed 

Practicol Nursing (LPN) Progroml and had taken and passed the LPN licensure 

exam. Work experience in the field of nursing ranged from 0 (zero) to 20 years. 

There were twenty-six SUbjects in the study; these 26 students .comprised 

the entire ADN student population at SWCC. They rcnged in age from 19 to 60 

ye6rs. The population consisted of 25 females 6nd 1 male. Southwestern 

Community College is situoted in a rural IOW6 town; students lived within 

approximately 50 miles of Creston. Very few of the students h6d ever used 6 

computer prior to this experience. 
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Quest ions Addressed by the Study 

The study addressed the following questions: 1) Will there be 0 

difference in performance on tests of short term retention between students 

who used the treatment CAl program prior to traditional instruction and 

students who received no treatment prior to traditional instruction? 2) Will 

there be a difference in performance on tests of near transfer between 

students who used the treatment CAl program prior to traditional instruction 

and students who received no treatment prior to traditional instruction? 3) 

Will there be a difference in performance on tests of far transfer between 

students who used the treatment CAl program prior to traditional instruction 

and students who received no treatment prior to traditional instruction? 

4) Will there be a difference in performance on tests of long term retention 

between students who used the treatment CAl program prior to traditional 

instruction and students who received no treatment prior to tn~ditional 

instruction? For the purposes of this study, these questions were stated as 

nu11 hypotheses as presented in Chapter 1. 

Research Procedures 

This study used on experimental design; experimental designs involve 

comparisons between tmd among groups to which subjects have been randomly 

assigned (Mason & Bramble, 1976). Random assignment was used to estobllsh 
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equiv61ency between the two groups in the study. Since human sUbjects were 

used for study purposes, the human sUbjects committee at Iowa State 

University wos consulted. A copy of the hum6n subjects form approved by the 

committee can be found in Appendix A. 

VEach subject in the study signed a consent form. This document gave an 

explanation of the procedures to be fonowed in the study, their purposes, an 

offer to answer any inquiries concerning the procedures, and instruction that 

the student W6S free to withdr6w from the study at any time without prejudice 

to him or her on this account. A copy of the informed consent form can be found 
:'!"'. 

in Appendix B. ) . 

A pretest-posttest control-group design was used. This design is 

represented as fonows (Mason &. Bramble, 1976): 

R 0 X 0 

ROO 

Due to the threat of sensitization of the subjects to the treatment by the 

pretest, a posttest-only control-group design may be preferred. However, the 

possibility of stUdy contamination by subjects who already knew the concept to 

be taught outweighed the threat of sensitization by the pretest. This is due to 

the fact that the work experi ence backgrounds of the subjects pri or to the 

start of the ADN program was widely varied; some SUbjects could hove worked 

in 6 situaUon where they were exposed to the concept of acid-base balance on a 

significant level. These individuals cou1d have scored higher on the post-test 

due to experi ence rather than due to the treatment. 

An students were given a paper and pencil pretest to assess their 

knowledge of the concept of acid-base balance in the human body. See Appendix 

C for a copy of the pretest. Scores on the pretest ranged from 30:1 to 56:1. A 
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nurse who was knowledgeable of 58i of the information on the topic of 

acid-base balance in the human body would not be considered prepared to 

function adequately in the hospital setting. All SUbjects were included in the 

study on the basis of this information. S~dents wer~_~~~!l_faf!~or:nly assig~ed 

t~_~!l~ __ ~Ltwo gn~.~ps~ the experimental treatment group or the control group. 

/The treatment group used the experimental CAl program prior to 

traditional instruction. [Students were monitored by this researcher during the 

computer activity. A number of observations of the experimental group 

SUbjects during use of the experimental CAl program were made.ahe only 

assistance given to students during use of the program consisted of 
~-. -,,-~~.~--,. .." 

instructions on use of the computer. The program was booted and loaded for 

them~ and they were given assistance if they experienced difficulty in 

operation of the computer or the program. Otherwise~ they were left to 

discover the answers to the questions posed in the program on their own. See 

Appe~~lx_D.for a copy of the study guide given to students in the experimental 

group. This stUdy guide presents the problems students were asked to solve 

through use of the CAl discovery program. 

As was discussed in Chapter II of this report~ the CAl program was 

designed as a discovery learning experience. Students had to use their problem 

solving skins to discover answers to questions posed in the program: Wide 

variance in problem solving approaches were observed. 

J In the computer simulation~ students were given a normal level of an 

ingredient in a solution and asked to conduct experiments to determine at what 

level of this ingredient the pH of the solution became acid and alka1ine. Some 

students proceeded in a very org6nized fashion, raising the value by one until 

the pH changed~ then lowering the value by one until the pH changed in the 
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opposite direction. Other students mode 0 lorge jump in either direction, then 

"bocked-up" to find the point ot which the chonge occurred. Other students 

tried numbers/values in 0 random foshion. 

Following experimentotion, the volues tried by eoch student were reod 

back to the student by the computer. During this process, one student 

exclaimed, "Look, I was trying to find the point at which the pH turned acid, and 

I just kept going in the wrong direction'" Some students remarked thot the CAl 

progrom wos "eosy to work with and fun," while others experienced frustrotion. 

Students spent approximately 45 minutes to an hour using the CAl program. All 

students did find the correct onswers to 011 questions involved with the 

program during this time. 

IThe control group received only troditionol instruction. Both the 

-' ' experimental and control groups rece!~~~ i~~~!"'!J_~~ion by the same instructor at 
-~·----~ ___ ,~v ___ ·._,._~_._·_· __ • ___ • __ ,. __ ._ .... ___ ._ ••••••• ~ •• _ •• _ • __ 

the same time. The only known difference in the experiences of the groups wos 

the use of the experimental computer program (treatment> prior to traditional 

instruction by the experimental group. 

Following instruction, 011 sUbjects completed tests of short-term 

retention, near tronsfer, ond for transfer. The short-term retention test was 

designed to examine the subject's knowledge of the concept of acid-base 

balance in the hum on body. This test contained 50 items, ond was equ"ivalent to 

the pretest; in foct, it wos identicol to the pretest with the exception of the 

acid-bose number problems (questions 36 through 50) in which different 

numbers were substituted for the problems on the retention test. See Appendix 

E for 0 copy of the short-term retention test. 

The neor transfer test was designed to measure the subjects' obility to 

tronsfer knowledge from the school centered learning environment to onother 
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school centered event. It consisted of ten Gcid-bGse word problems. See 

Appendix F for G copy of the neGr trGnsfer items. 

The fGr transfer test WGS designed to measure the subjects' Gbility to 

trGnsfer knowledge from the school centered leGrning environment to the 

reGl-world (hospital) setting. Students were tGken to the hospital. They were 

eGch given G worksheet/test to complete, Gnd Gssigned five pGtient's chGrts to 

evaluGte. Students were asked to Gssess Gnd analyze the acid-bose status of 

each of the fi ve patients. They hod to determi ne what assessment data were 

pertinent, Gnd interpret the dGta Gccurately. This activity is representGtive of 

the expectGtions of the actuGl working environment these students will enter 

upon grGduGtion. See Appendix G for a copy of the far transfer worksheet. 
I 

j Six weeks following instruction students were given G long term retention 

test. This test WGS identical to the short term retention test in order to 
------............... ~,,--•. -.--.... - .~.~ .. ~-.,- ... -'" ' ..... ' ........ ~ .• - .,.~ ................ --<- .... ,,~ .... -.-~ .. ' .. -.. -'" ...•.. ~ ... ,-

eliminate questions of the equivalency of the two tests, and to faci1itate 

comparison of scores from the pretest to the short term retention test to the 

long term retention test. 

An attempt was made to ensure the validity of this study. Methods used 

to control threGts to the validity of this study Gre discussed below. 

This researcher administered all pertinent instruction, Gnd administered 

and scored G 11 tests Gssoci ated with the study. Theref ore, the study WGS 

controlled for instrumentation. The study WGS not effected by selection. 

SUbjects were rGndomly Gssigned to the control group and the experimentGl 

group, and the scores of the two groups on the pretest were not significantly 

different. 

~ Student scores on the pretest ranged from 15 to 29 out of 50 possible. 

The meGn score of the control group was 22.692 Gnd the mean score of the 
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experimental group was 22.769. A t-score was calculated on this data to 

compare the results of these two groups on the pretest. The calculated t-score 

was -0.046. With 12 < .05, 'tmd 24 degrees of freedom, 0 critical value of :1:2.064 

was identified. The t-volue of -0.046 folls within the range of :1:2.064. 

Therefore, 0 statistically significant difference between the two groups on the 

pretest was not found. See Table 1 for details of the comparison. 

Table 1. T-test for pretest samples 

N 

Mean 

Control Group Experimental Group 

13 

22.692 

13 

22.769 

T OF 

-0.046 24 

I Experimental mortality did not present a problem as all subjects remained 

in the study for the duration. The study lasted eight weeks, and utilized a 

control group, therefore, it should have been controlled for threat of 

maturation. 

The study was controlled for reactive effects of experimental 

arrangements because sUbjects were observed in both the standard classroom 

testing situation and in the real-world hospital setting. Also, since the 

completion of this study, this researcher has been notified by other nursing 

instructors that students continue to demonstrate ability to solve patient 

acid-base status problems confronted in the hospital setting. 

Subjects were not selected on the basis of suseptibility to the 
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experimental treatment or on the basis of extreme scores on the pretest, in 

fact, the entire population of students was involved and assignment to groups 

was made in random fashion. Also, multiple treatment interference should not 

have occurred as only one treatment was used. 

crhe test items used in this study were taken from various nursing test 

references. An were written by experts in the field, and answers to these 

questions were documented in the textbook uti1ized by the subjects in this 

study, and in the lecture notes of this researcher. Test items wcre_ n~t 
- •• - •. ----- - .-----_ •• -.- * •••• '.'- ' •• ~-

formaJIy evaluated for reliability or validity, but were reviewed by content 
.----.~.--.-. _ _.. ___ ~. __ •• __ •• __ •••• _ ~ 0" •••••• _._-.- ".. ____ '~ __ "_'_"_'~_~"""'_'''' ....,. •• ,~. __ • , __ .'. ___ •••••• -, .~-,~.-. 

experts prior to being selected for use. 

r In summary, a pretest-posttest control-group experimental design was 

used for this study. The internal validity of this design is high (Mason & 

Bramble, 1976). The question of sensitization of subjects to the post-test by 

taking the pretest may be asked, indicating that there could have been 

interaction of testing and the treatment. However, the pretest was indicated 

due to the widely variable backgrounds of the SUbjects involved. If this threat 

to validity were in fact a problem, it would influence generalization (external 

validity), rather than internal validity. Internal validity was maintained, and 

internal validity is the crucial question without which the results of the study 

would not be useful (Mason &-Bramble, 1978). 

Tests of Significance 

Nondirectional nun hypotheses were used in this study. T -tests were 

calculated to determine if statistically significant differences existed 
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between the experimentol group ond the control group on the tests of retention 

and transfer. level of significance was set at .05. Because the hypotheses 

were nondirectionall the 6lpha was split between the two tails of the sampling 

distribution. With a totol study population of 261 and thereforel 24 degrees of 

freedoml in 0 two-tailed testl the critical value used for this study was :t2.064 

according to the t-table in Mason and Bramble (1978). 

Limitations of the Study 

The populotion utilized in this stUdy consisted of community college 

registered nursing students in a rural Iowa setting. The number of SUbjects 

was limited by the size of the population--26 total SUbjects. Subjects ronged 

in age from 19 to 601 and previous computer experience ranged from no 

exposure to computers to programming in the language BASIC. Thereforel 

generalization of the study results to larger populations will have to be mode 

with regard to the population description. 

Summary 

The CAl program used in this stUdy provided a discovery environment in 

which students were able to manipulate variables in order to solve problems. 

The problems presented in the program centered around the acid-bose status 

(pH) of 0 simuloted viol of solution. The progrom involved the presentation of 

problemsl experimentation by the studentl formulation of hypothesesl and 
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testing of these hypotheses. 

The subjects in the study were 26 registered nursing students in the 

Associate Degree Nursing program ot Southwestern Community Co11ege in 

Creston" lowo. The study used 0 pretest-posHest control-group design" ond 

oddressed whether there wos 0 difference between the performonce of the 

control group ond the performonce of the experimentol group in terms of 

retention ond tronsfer of leorning. The two groups were determined equol ot 

the outset of ,the study in terms of knowledge of the topic of ocid-bose stotus. 

This chopter provided 0 description of ~he treotment CAl progrom used in 

the study" the study populotion" the doto onolysis meosures, ond the steps token 

in corrying out the reseorch project. Limitations of the study were olso 

presented. 
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CHAPTER IV: FINDINGS 

The findings of this study will be presented and discussed as they relate 

to the hypotheses of the study presented in Chapter 1. Each of the four 

hypotheses is presented and relevant findings discussed. The final section of 

the chapter provides a summary of the study results. 

Hypothesis 1 

1 
..y Hypothesis 1 was stated as follows: There will be no difference in 

performance on tests of short term retention between students who use the 

treatment CAl program prior to traditional instruction and students who 

receive no treatment prior to traditional instruction. 

Scores on the short term retention test ranged from 32 to 4B out of 50 

Possible. The mean score for the control group was 39.000 and the mean score 

for the experimental group was 40.769. Therefore, the experimental group 

scored 1.769 pOints higher on the average than the students jn the control 

group. 

A t-score was calculated on these data to determine if a statistically 

significant difference between the scores of the two groups existed. At-value 
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of -1.006 was calculated. With R < .05 and 24 degrees of freedom~ a critical 

value of :1:2.064 was identified. The t-value of -1.006 is within the range of 

:1:2.064. Thus~ while the students who used the experimental computer program 

scored an average of 1.769 points higher than those who did not use the 

program~ this was not a statistically significant difference. See Table 2 for 

the detai1s of this comparison. 

Table 2. T-test for short tenn retention test samples 

Control Group Experimental Group T OF 

N 13 13 

Mean 39.000 40.769 -1.006 24 

Hypothesi s 2 

Hypothesis 2 was stated as follows: There will be no difference in 

perf ormance on tests near transfer bet ween students who use the tre.atment 

CAl program prior to traditional instruction and students who receive no 

treatment prior to traditional instruction. 
\ 

~Scores on the near tnmsfer test ranged from 1 to 10 out of a total of 10 

possible. The mean score for the control group was 8.462 and the mean score 

for the experimental group was 8.615. Therefore~ the experimental group 

scored 0.153 points higher on the average than the students in the control 
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group. 

With R < .05 end 24 degrees of freedom .. e critical yelue of :!:2.064 wes 

identified. The calculated t-Yalue of -0.185 falls within the range of :!:2.064. 

Consequently .. while the students who used the experimentel computer progrem 

scored slightly higher (0.153 points) on the ayerage than those who did not use 

the program .. this was not e stetistically significant difference. See Table 3 

for the details of this comparison. 

Table 3. T-test for near transfer test samples 

Control Group Experimental Group T OF 

N 13 13 

Mean 8.462 8.615 -.185 24 

Student scores on the near transfer test are presented in Table 4. Each 

subject's score is presented followed by e frequency distribution of scores. As 

may be noted from the score distribution .. one student in the experim~ntel group 

scored only 1 point while all other students in this group scored between 8 and 

10. This score was not typicel of this student. The student scored 36 out of 50 

on the short term retention test, 12.5 out of 15 on the far transfer test .. and 31 

out of 50 on the long term retention test. For interest .. e t-Yelue wes 

calculated on the near transfer data with this score thrown out. A t-yalue of 

-1.40 1 wes celculeted. With R < 0.5 end 23 degrees of freedom .. e criticel yelue 
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TabJe 4. Summary of near tlllnsfer test data 

Cont~l Group Experimental Group 

Size of Sample 13 13 

Scores 
Subject -1 7 9 
Subject -2 10 9 
SUbject -3 10 10 
Subject -4 10 10 
Subject -5 10 6 
Subject -6 7 9 
Subject -7 5 10 
Subject -6 10 9 
Subject -9 10 1 
Subject -10 7 9 
Subject -11 6 9 
Subject -12 6 10 
Subject -13 10 9 

Score Frequency Frequency 
10 7 4 
9 0 7 
6 1 1 
7 3 0 
6 1 0 
5 1 0 
4 0 0 
3 0 0 
2 0 0 
1 0 1 
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of ± 2.069 wes identified. The t-volue of -1.401 fe11s within the nmge of 

:1:2.069. The resu1ts of this comparison are presented in Table 5. The means of 

the two groups voried from 8.462 for the control group to 9.250 for the 

experimentol group with the one atypical volue thrown out .. however, this 

difference sti11 was not stetistically significant. 

Table 5. T -test for neor transfer test--atgpicol score removed 

Contro 1 Group Experimentol Group T OF 

N 13 12 

Meon 8.462 9.250 -1.401 23 

A contingency toble wos estoblished for crosstebu10r onolysis of this 

doto .. and is presented in Table 6. As can be determined from the table, 92.3~ 

of the experimentol group scored between 8 and 10 out of 0 totol possible on 

the near transfer test of 10, while only 61.5~ of the control group scored in 

this some ronge. Also .. 38.5~ of the control group scored between 5 o~d 7 whi1e 

no one in the experimentel group scored in this renge. In addition .. 7.7~ of the 

experimentol group scored between 1 end 4 while no one in the control gro~p 

scored in this range. As con be seen from this dete .. 0 higher percent of the 

experimentol group scored in the ronge of 8 to 10 thon did the control group. 

Also .. 96'; of the totol populotion scored 5 or obove .. while one student scored 

only 1 point on the test. 
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TobIe 6. Contingency tllble--neor tnnsfer dlltll 

Score nmge Totol 
1-4 5-7 8 - 10 

Contro 1 group 0 5 8 13 
(O~) (38.5~) (61.5~) 100~ 

Experimentol group 1 0 12 13 
(7.7~) (O~) (92.3~) 1001 

Hypothesi s 3 

Hypothesis 3 wos stated as follows: There will be no difference in 

performance on tests for transfer between students who use the treatment CAl 

program prior to traditional instruction and students who receive no treatment 

prior to troditionol instruction. 

Student scores on the for transfer test ronged from 11.5 to 15 out of a 

totolof 15 possible. The mean score for the control group wos 13.808 ond the 

meon score for the experimentol group wos 13.885; the experimentol group 

Scored 0.077 points higher on the overage thon the students in the control 

group. 

A t-yolue of -0.184 wos colculoted on these doto. With I! < .05 and 24 

degrees of freedom, a critical value of :t2.064 was identified. WhiJe the 

students who used the experimentol computer program scored slightly higher 

(0.077 points) on the averoge thon those who did not use the program, this was 
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not a statistical1y significant difference. See Table 7 for the detai1s of this 

comparison. 

Table 7. T-test for far transfer test samples 

Contro 1 Group 

N 13 

Mean 13.806 

Experimental Group 

13 

13.885 

Hypothesis 4 

T OF 

-.164 24 

Hypothesis 4 was stated as fonows: There wiH be no difference in 

performance on tests of long term retention between students who use the 

treatment CAl program prior to traditional instruction and students who 

receive no treatment prior to traditional instruction. 

Control group scores ranged from 20 to 44 out of a total of 50 possible on 

the long term retention test. Experimental group scores ranged from 31 to 45 

out of a total of 50 possible. The mean score for the control group was 33.846 

and the mean score for the experimental group was 36.769. Therefore, the 

experimental group scored 2.923 points higher on the overage than the students 

in the control group. 

A t-value of -1.319 was calculated on these data. With 12 < .05 and 24 
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degrees of freedom~ a critical value of :1:2.064 was identified. Thus~ while the 

students who used the experimental computer program scored an average of 

2.923 points higher than those who did not use the program~ this was not a 

statistically significant difference. See Table 8 for the details of this 

compari son. 

Table 8. T-test for long term retention test samples 

N 

Mean 

Control Group Experimental Group 

13 

33.846 

13 

36.769 

Long Term Transfer 

T 

-1.319 

DF 

24 

Student scores on the near and far transfer tests administered within four 

days following instruction were relatively high. Therefore~ for interest of 

analysis~ two questions were added to the near transfer test and it was 

repeated six weeks fonowing instruction at the time of the long term retention 

test. See Appendix H for a copy of the long term transfer test. 

Scores on this test ranged from 0 to 11 out of 6 total of 12 possible in 
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both the control and the experimental groups. The mean score for the control 

group was 7.962 and the mean score for the experimental group was 8.346. 

Therefore, the experimental group who used the experiencing computer program 

prior to traditional instruction scored 0.384 pOints higher on the average than 

the students in the control group who did not use the experimental computer 

program. 

A t-score was calculated on these data to determine if a statistically 

significant difference between the scores of the two groups existed. At-value 

of -0.316 was calculated. With R < .05 and 24 degrees of freedom, a critical 

value of :1:2.064 was identified. The t-value of -0.316 falls within the range of 

:1:2.064. With the addition of two questions to the near transfer test, and the 

elapse of six weeks between administrations, student"s scores were not as 

high. None of the students scored 1001 on the test. However, no significant 

difference between the groups was found. The details of this comparison are 

presented in Table 9. 

Table 9. T-test for long term transfer test samples 

N 

Mean 

Control Group Experimental Group 

13 

7.962 

13 

8.346 

T 

-0.316 

OF 

24 
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Summary 

Each of the hypotheses· established for this study have been addressed, and 

results of the statistical analysis measures employed have been presented. 

While the sUbjects in the experimental group scored higher than the sUbjects in 

the control group on all tests used in the study, these positive effects were not 

found to be statistically significant. Therefore, the four null hypotheses 

stated in this study were accepted . 

.. ~ On the test of short term retention the mean score for the experimental 

group was 40.769 while the mean score for the control group was 39.000. This 

indicated that the SUbjects in the experimental group scored an average of 

1.769 points higher than the SUbjects in the control group. However, the 

t-score calculated on the sample data was not statistically significant. 

Consequently, a statistically significant difference in performance on tests of 

short term retention between students who used the treatment CAl program 

prior to traditional instruction and students who received no treatment prior to 

traditional instruction was not found. 

While all SUbjects in this study scored in the upper 401 of the score range 

on the short term retention test, students were not chosed for this study on the 

basis of extreme scores. Post-test scores for a group of nursing students in 

the second semester of their final year would be expected to be in the upper 

401 of the scale. This is due to the fact that students in this program must 

maintain a C grade or above in each nursing course to be able to continue in the 

program. Students who would typically fall at the lower end of the grading 

scale have been dropped from the program. This policy is consistent throughout 
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nursing education programs. Hence~ this finding would not be atypical of 

nursing students in other programs throughout the states. 

On the test of near transfer the mean score for the experimental group 

was 6.615 while the mean score for the control group was 6.462. This 

indicated that the sUbjects in the experimental group scored an average of 

0.153 points higher than the sUbjects in the control group. The difference 

between-the scores of the two groups on this test was very s1ight~ and the 

t-score calculated on the sample data fel1 within the acceptable range. 

Therefore~ a statistical1y significant difference in performance on tests of 

near transfer between students who used the treatment CAl program prior to 

traditional instruction and students who received no treatment prior to 

traditional instruction was not found. 

On the test of far transfer the mean score for the experimental group was 

13.665 while the mean score for the control group was 13.606. This indicated 

that the subjects in the experimental group scored an average of 0.011 pOints 

higher than the subjects in the control group. The difference between the 

scores of the two groups on this test was again very s1ight~ and the t-score 

calculated on the sample data fel1 within the acceptable range. As a resu1t~ a 

statistically significant difference in performance on tests of far transfer 

between students who used the treatment CAl program prior to traditional 

instruction and students who received no treatment prior to traditional 

instruction was not found. 

On the test of long term retention the mean score for the experimental 

group was 33.646 while the mean score for the control group was 36.169. This 

indicated that the subjects in the experimental group scored an average of 

2.923 points higher than the sUbjects in the control group. While a positive 
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effect of the experimental treatment cen be noted, the t-score ce1cu1eted on 

the sample deta fell within the ecceptab1e range. Therefore, a statistically 

significant difference in performance on tests of long term retention between 

students who used the treatment CAl program prior to treditiona1 instruction 

and students who received no treatment prior to traditional instruction was 

not found. 

The control group and the experimental group were considered equivalent 

et the outset of this stUdy. Their scores on the pretest were neer1y identice1" 

and no statistically significant difference existed. Their experiences through 

the duration of this study were controlled, and the only known difference 

bet ween the groups was the use of the experi mental CA I program by the 

experimentel group. Yet, members of the experimental group scored higher on 

each test administered following instruction. The differences between the two 

groups increesed in fevor of the experimentel group on the tests edministered 

six weeks following instruction. For example, there was only a 1.769 point 

difference between the groups on the test of short term retention, while this 

difference increesed to 2.923 on the test of long term retention. Therefore, 

while e smell positive influence of the treatment was demonstrated, e 

statistically significant difference between the two groups was not found on 

eny of the evaluation measures employed. 
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CHAPTER V: SUMMARY1 CONClUSIONS1 AND IMPLICATIONS 

As stoted in the definition of the probleml integration of the computer 

into the educotional system has been a slow process. This is due in part to 

deficiences in educationol softwarel ond lack of empirical evidence thot 

computers con be used in woys that create unique positive contributions to 

learning. As each new medium of communication is introducedl it begins its 

life by first adopting the contents and formats of the media it 1s like1y to 

replace or modify (Sal oman & Gardnerl 1966). In order for computers to make a 

truely positive influence on educationl and to be heralded as a powerful 

educational tooll unique uses of the computer must be documented. Studies 

must be conducted which document computer treatments that can be better 

implemented by use of the computer than by any other known meansl ~nd the 

positive results of these uses must be verified. 

This chapter presents a summary of the purpose of this studYI a brief 

outline of the research design featuresl a list of the major findingsl an outline 

of the conclusions relative to these findingsl and discussion of the 

implications of the study. The information presented in this chapter provides a 

brief summarization of the study, and suggestions for further research. 
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Purpose of the Study 

The purpose of this study was to investigate the effects of a computer 

assisted educational program designed to provide a unique experience for 

learners on retention and transfer of learning. The study was based upon the 

belief that computers themselves do not affect learners in any direct way, 

rather, it is the way they are used in instruction that is important. 

The treatment administered in this study via the experimental CAl 

program could not have been administered in as efficient 6 manner, if at all, by 

other means. The treatment program provided a simulation experience in which 

subjects were able to conduct lab experiments to discover the solutions to 

problems. The program was designed upon the principles of discovery learning, 

meaningfullearning, and transfer of learning. These principles were combined 

in 6 microworld program which was presented in the experiencing mode. In 

other words, it was administered prior to traditional instruction to set the 

cognitive stage for later learning. 

Study Design 

A pretest-posttest control-group design was used. The population 

consisted of twenty-six registered nursing students enrolled in community 
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college Associate Degree Nursing progrom in rurol southwest lowo. Subjects 

were rondomly assigned to the control group and the experimental group. A1L--

sUbjects were given 0 pretest to determine that they did not alreody possess 

the information to be leorned in the study. The CAl progrom wos odministered 

to the experimental group prior to troditionol instruction. This progrom did not 

present the information to be later covered in the classroom setting .. rother .. it 

provided information which was not content specific to the new information to 

be learned. Following this activity .. both groups received traditional 

instruction on the SUbject of acid-base balance in the human body. The 

concepts formed during use of the treotment progrom were to provide students 

with relevont prior knowledge needed to 1eorn the new concept, not to present 

the information itself. The stUdy wos not to simply compore the results of 

presenting the same information via the computer as without the computer; 

instead .. it was to study the effects of using the computer in 0 unique monner to 

prepare the subject for learning later information. 

Hojor Findings 

Based upon pretest scores .. the subjects in this stUdy were considered to 

be equivalent in terms of knowledge of the concept of acid-base bolonce in the 

human body prior to the study. Though SUbjects were determined to be 

equivalent prior to the study .. subjects in the experimental group scored higher 

on all measures employed following the experiment. The experimental group 

scored higher on the test of short term transfer .. slightly higher on the test of 

near transfer .. slightly higher on the test of far transfer .. and higher on the test 
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of long term tnmsfer. Table 10 presents a comparison of the mean scores of 

the control group and the experimental group on all measures employed. 

Table 10. Comparison of mean scores on tests used in the study 

Test Contro I Group 
Mean Score 

Pretest 22.692 

Short Term Retention 39.000 

Near Transfer 6.462 

For Transfer 13.606 

Long Term Retention 33.646 

Experimentol Group 
Mean Score 

22.769 

40.769 

6.615 

13.665 

36.769 

Mean Score 
Difference 

0.077 

1.769 

0.153 

0.077 

2.923 

While the mean score for the experimentol group is higher in each 

instonce~ the calculated t-score for eoch test comparing the scores of the two 

groups did not demonstrate 0 statistically significant difference between the 

two groups on any of the measures. The study involved a small sample size (13 

in each group and a total study population of 26t therefore, while a 

statistically significant difference between groups was not demonstrated~ a 

positive trend was identified. If this stUdy were repeated with c larger 

population~ the differences between groups could be more definitive. As 0 

result of these findings~ the nun hypotheses of the study were accepted. There 

was no statistically significant difference between students who used the 
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treatment CAl program prior to traditional instruction and students who 

received no treatment prior to traditional instruction on measures of short 

term retention, near transfer, far transfer, or long term retention. 

Conclusions 

The following conclusions can be drawn on the basis of the resu1ts of this 

study. Computers can be utiJized as vehicles for presentation of advance 

organizers. They can be utilized to present information in a unique manner 

which could not be accomplished as effectively or as efficiently by other 

means. The treatment CAl program in this study used a discovery approach. It 

required use of investigative problem solving skins. The student was able to 

manipulate variables, observe the resu1ts of these manipulations, form 

hypotheses, and make generalizations from the information gained. 

Instructional activities of this nature exploit some of the unique potential of 

computers; it is this type of innovative approach to integration of the computer 

into curriculum that will contribute to the transformation of education through 

technology in the -transitional phose- of educational computing proposed by 

Berg and Bramble (1983) and discussed in Chapter 1 of this paper. 

When used for activities of the nature described here, small positive 

effects can be observed on measures of retention and transfer of learning. It 

may also be concluded on the basis of this study that these positive effects are 

increased as time elapses between instruction and testing measures. Six 

weeks following instruction the difference in the mean score on the retention 

test increased from 1.769 to 2.923 in favor of the experimental group. Also, 
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the difference in the mean score on the transfer test administered at that time 

increased from 0.153 to 0.384 in favor of the experimental group. 

Though these effects may not individually be statistically significant as 

demonstrated on t-test comparison~ the fact that the experimental group 

demonstrated small positive effects on all tests administered following 

treatment represents a consistency in effect significant enough to warrant 

future investigation. In addition~ these results may be significant to students. 

The population studied in this project consisted of registered nursing students 

near the completion of their education. These students are highly motivated to 

succeed. Success for them means maintaining an adequate grade point average 

during school~ and ability to pass a state licensure exam. If given the option to 

use a computer program prior to instruction that could improve their long term 

retention of subject matter by approximately 6i~ or improve their test score 

by approximately 3 points" a student might conclude that use of the program 

would be of value to them. 

Implications 

The independent variable in this study" the experimental CAl program~ 

possessed a whole complex of attributes. In fact~ it involved a whole new 

instructional environment/microworld designed by this researcher specifically 

for the SUbjects in the study. The study compared the use of the 

program/treatment versus no treatment. Studies of this nature must be 

conducted to determine if positive outcomes result from this type of activity" 

then each attribute of the treatment must be evaluated to determine what 
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specific veriebles within the treetment meke e difference. This con be done 

through the process of eHminoting voriobles to determine which ore cruciol to 

the positive influences of the computer ectivity. 

This study provides evidence of 0 positive influence of the use of CAl on 

retention end tronsfer of leerning. The positive effects of the experimentol 

treetment on retention of leerning eppeered to increese es time elepsed 

following instruction. It would be interesting to continue to meke periodic 

meesurements to determine if this positive effect continues end/or increeses 

further es edditionel time elepses. With smel1 semple size, such es in this 

study, only lorge differences in the meons of the two groups will produce 

stetisticol significonce, while with lorge semples" smell differences between 

meens will produce significont t-volues. Similer studies should be conducted 

with lerger populations containing more equol distribution of moles ond 

femeles, leerners renging in ebility from low to high, end with populetions of 

less verieble ege ronge. 

Eech individuel brings unique cherocteristics to ony leerning encounter. 

Individuels mold their own experiences by the treits end goels they bring to the 

encounter, the woy they opprehend the technology ond the situation ond the 

choices they make; these differences in indivjduols influence the way learners 

are affected by the experience. particularly when given interoctive 

opportunities with computers (Soloman & Gordner, 1986). Studies to determine 

the influence of individuol differences between leorners on the results of this 

stUdy could be conducted. Some of the individuel differences which could be 

studied include: preferred leorning style, hemisphericity, and ottitude towards 

computers. 

Computers themselves do not affect learners in ony direct woy, it is the 
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way they are used in instruction that is important. Strict attention must be 

given to the type of instructionnl npplications being made with computers. 

Educational softwnre must be buHt upon estab1ished principles of learning, nnd 

the objectives for computer use must be clenrly stnted and measurenble. 

Integration of the computer into curriculum must be a well-planned process, 

nnd teachers must be provided with first-hand computer experience. It is not 

ren1istic to expect tenchers to make unique volunble educntional npplications 

of the computer without instruction, guidance, and planning. 

Future studies must be specific in describing the objectives of the 

specific use of the computer being mode in the study, and in exploining the 

instructional approach to its use. Studies must differentiate between types of 

CAl to aid in determinotion of what characteristics of computer use ore being 

evaluated. Research must be explicit in describing what chnrncteristics of 

computer use are being evnluated before the effects of this use can be 

explained in a meaningful way, and before opproprinte genernlizations can be 

mnde. 
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INFORMATION ON THE USE OF HUMAN SUBJECTS IN Kt~tAK~M 
IOWA STATE UNIVERSITY 

(Please follow the accompanying InstructIons for completing this form.) 

{~ Title of project (please type): }!;ffects of Computer Assisted Instruction Used 

in an ~xperiencing Mode Prior to Traditional Instruction On Retention and 
TransIer 01 Iniormatl.on 

<~) I agree to prov I de the proper surve III ance of th is proj ec t 
~nd welfare of the human subjects are properly protected. 
in procedures affecting the subjects after the project has 
submItted to the committee for review. 

to Insure that the rights 
Additions to or changes 
been approved will be 

Barbara Jo Crittenden 12/14/85 ~ 
Typed Named of Principal Investigator Date SIgnature of/Principal Investigator 

R.R. i/2 
Home 

Box 166-a Creston. Ia. (515) 782-7081 or 782-8878 
itl~-Address -C-arnpcrs- Telephone 

~ St~ures of/~hers (If Any) Date RelatIonship to Principal Investigator 

Major Professor 

CD 

~ 

I 

---------------------------~--~~ 
ATTACH an additional page(s) (A) describing your proposed research and (8) t . ' 
subjects to be used, (C) Indicating any risks or discomforts to the subjects cilC19'85 
(D) covering any topIcs checked below. CHECK all boxes applicable. 

[J Medical clearance necessary before subjects can participate 

[J Samples (blood, tissue, etc.) from subjects 

o Administration of substances (foods, drugs., etc.) to subjects 

[J PhysIcal exercise or conditioning for subjects 

[J Deception of subjects 

[J Subjects under 14 years of age and(or) [J Subjects 14-17 years of age 

o Subjects In Institutions . 
[J Research must be approved by another Institution or agency 

ATTACH an exampJe of the material to be used to obtain Informed consent and CHECK 
which type will be used. 

EJ Signed Informed consent wIll be obtained. 

[J Modified Informed consent will be obtained. 
Month 

Anticipated date on whIch subjects will be fIr s t contacted: Jan. 

Ant I ci pated date for last contact with subjects: May 

If Applicable: Anticipated 
Identifiers will be removed 

date on which audio or visual tapes will 
from completed survey Instruments: 

, IIIay 
Month 

Day Year 
10 86 

7 86 

be erased and (or) 

:L .8.L 
Day Year 

.~ , ·~u-n-:lv:e-rr-hs-:lt~y~~·C-O::::lt-t~e-e~n-~th~e--u:·s--e:-:·o:~f---~H-~~~~~~~~--------..... an-subjects-in-Research~---------' 

1Rj Project Approved 0 proj\~~ not 
George G. Karas \ ' ~. 

Name of Committee Chalroerson Oa e 

rl No action required approved 

Sionature ofComnlttee Chairperson 
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CONSENT FORM 

I, , a student in the RN 275 Comprehensive 
Nursing Course have been informed that during the unit of instruction on 
acid-base balance in the human body, as part of the Comprehensive Nursing 
Course, students will be divided into two groups at random. The students in 
one group will use a computer assisted instruction program prior to traditional 
instruction on the topic of acid-base balance. The other group will receive only 
traditional instruction on the topic of acid-base balance. The only difference 
in the way the two groups wi)) be instructed is the use of the computer 
assisted instruction program by one group. 

I understand that I will be randomly assigned to one of the two groups. 
wi)) take a pretest, and two post-tests; the performance of the students in the 
two groups wi11 be compared to determine if there is any significant difference 
in the performance of the two groups on these tests. Being involved in this 
activity w111 in no way increase the ordinary risks of daily Jiving, and the study 
will determine if there are any significant benefits to use of the computer 
assisted instructional program. 

I have been informed that this study is being conducted in order for the 
researcher to fulfill advanced degee requirements at Iowa State University. I 
grant permission to include my scores on the tests associated with this stUdy 
in the data analysis measures. I have been informed that my name wi)) not 
appear in any printed reports associated with this study, and that every effort 
wi)) be made to keep my personal data confidentia1. Furthermore, I understand 
that I am free to withdraw my consent for inclusion of my scores in data 
analysis associated with this project, or to discontinue participation in the 
computer activity associated with this project at any time during the course of 
the project without prejudice against me on this account. 

Signature Date 

Any inquires regarding this project should be directed to: 
Barb Crittenden 
Southwestern Community College 
1501 W. Townl1ne 
Creston, Iowa 50801 . 
(515) 782-7081 
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PRETEST 

Acid-Base Balance in the Human Body 
Southwestern Community College: Nursing Education 

This is a test to determine your current level of understanding of acid-base 
balance in the human body. The results of this test wi)) not be used to 
determine your grade for this unit, they wilJ provide a means of comparing your 
knowledge of this topic before instruction to your knowledge of this topic 
following instruction. Read each question carefully. There is only one best 
answer for each question. 

Questions 1 - 3 are true-false. Read each statement carefully, indicate on the 
line to the left of the statement a 'T' if the statement is true or an 'F' if the 
statement if not true. 

1. Arterial blood is neutral--it is neither acidic nor alkaline. 

2. Hyperventilation causes a decrease in the carbonic acid level in 
the blood. 

3. A major goal of therapy for a patient with respiratory acidosis is 
to slow the rate and depth of breathing. 

Questions 4 - 34 are multiple choice. Choose the one best answer for each 
question. Circle your answer. 

4. The largest buffer system in the body is the: 

A bicarbonate-carbonic acid system. 
B. phosphate system. 

C. plasma protein system. 
D. ammonia system. 

5. When an increase in body acid is balanced by a proportionate increase in 
base, the pH returns to normal. This process is calJed: 

A assimilation C. compensation 
B. accommodation D. congruency 
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6. The only way to confirm the presence of an acid base disturbance is by: 

A leukocyte differential analysis. 
B. arterial blood gas analysis. 

C. a complete blood count. 
D. autopsy. 

7. Mr. DeNapoli is to have a specimen taken for blood gas analysis. The 
nurse should: 

A mix the obtained specimen with an equal amount of air. 
B. administer heparin to the patient immediately before obtaining the 

sample. 
C. apply a face mask with 40% oxygen prior to obtaining the sample. 
D. apply firm pressure to the puncture site after obtaining the 

specimen. 

8. An elevated pH along with a decreased pC02 is indicative of: 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

9. Ms. DonneHy is brought into the emergency room in severe shock after 
being shot in the thigh. The disturbance she wil1 exhibit is: 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

10. Which of the following patients is at risk for developing metabolic 
alkalosis? One who: 

A is a diabetic and has omitted several doses of insulin. 
B. is undergoing gastrointestinal suctioning. 
C. has overdoses on aspirin. 
D. has diarrhea. 
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11. Mrs. Daniels is pregnant with her first chi ld and has started labor. She 
has had no preparation and is extremely frightened. She is a risk to 
develop: 

A metabolfc acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

t 2. Which of the following blood buffers is regulated by both the kidneys 
and the lungs? 

A bicarbonate 
B. protein 
C. phosphate 
D. hemoglobin 

Isaac is 63 years old and has been admitted to the hospital with a diagnosis of 
diabetes mellitus. On admission, the nurse observes rapid respirations, 
confusion, and signs of dehydration. 

13. Considering Isaac's diagnosis and symptoms, he is most prone to which 
of the following acid-base disturbances? 

A metabolic acidosis 
B. metaboHc alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

14. A manifestation not associated with altered acid-base balance would 
be: 

A bradycardia 
B. hypertension 
C. lethargy 
D. tachypnea 
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15. In terms of a cellular buffering response, the nurse should expect that 
the major electrolyte disturbance would be: 

A hyperkalemia 
B. hypematremia 

C. hypocalcemia 
O. hypokalemia 

Judy is a 55 year old woman with a ten year history of chronic obstructive 
pulmonary disease. She came to the emergency room with symptoms of severe 
headache and blurred vision. Her respirations on admission were 60 per 
minute and shallow in nature. 

16. Considering Judy's diagnosis of COPO, she is most likely to manifest 
what acid-base imbalance? 

A metabol ic acidosis 
B. metabolic alkalosis 

C. respiratory acidosis 
O. respiratory alkalosis 

17. The nurse would initially instruct Judy to: 

A breathe deeper and alter her rate to 30 breaths per minute. 
B. hold ber breath for 30 seconds, every 5 minutes. 
C. hypoventilate by increasing the rate of her respirations. 
O. maintain shal10w lung expansion. 

18. Judy needs supplemental oxygen via nasal cannula because of an 
associated hypoxemia. The nurse should adjust the liter flow to: 

A 2 to 3 liters/minute 
B. 4 to 5 liters/minute 
C. 6 to 7 liters/minute 
O. 8 to 9 liters/minute 

19. Chemoreceptors in the carotid bodies in the neck and aortic arch 
influence respiration because they are sensitive to blood levels of: 

A oxygen 
B. uric acid 

C. bicarbonates 
O. carbon dioxide 
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20. During respirationsJ the exchange of oxygen and carbon dioxide in the 
alveoli occurs by the process of: 

A osmosis 
B. dialysis 

C. filtration 
D. diffusion 

21. The nurse studies the blood pH of one of her patients. The pH is within 
normal range when the ratio of HC03 to CO2 is approximately: 

A 1 to 1 
B. 5 to 1 
C. 10 to 1 
D. 20 to 1 

22. Which one of the following blood findings should the nurse judge as 
typical for a patient who has metabolic acidosis? 

A an increased bicarbonate content 
B. a decreased bicarbonate content 
C. an increased carbon dioxide content 
D. a decreased carbon dioxide content 

23. The body's normal buffering system J which maintains an acid-base 
balanceJ is geared toward either taking up or releasing the ion: 

A sodium 
B. oxygen 
C. hydrogen 
D. potassuim 

24. The normal range for the pH of arterial blood is between: 

A 7.12 and 7.22 
B. 7.22 and 7.32 
C. 7.38 and 7.42 
D. 7.42 and 7.52 
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25. Respiratory acidosis can be caused by: 

1. chronic obstructive pulmonary disease 
2. vomiting 
3. pregnancy 
4. hypoventilation 

A 1 
B. 1,3 
C. 1,4 
D. 1, 2, 4 

26. Saliva is a nearly neutral solution. This means that it has a pH of: 

A 4 
B. 7 

C. 9 
D. 12 

27. Which of the following act as buffering systems in the blood? 

A carbonic acid-sodium bicarbonate 
B. phosphates 
C. proteins 
D. A, B 
E. A, B, C 

28. Which of the following statements concerning pC02 are correct? 

A decreased ventilation results in increased pC02. 
B. the higher the pC02 the lower the pH. 
C. pC02 is controlled by the lungs. 
D. all of the above. 

29. Which of the following statements concerning HC03 are correct? 

A may be considered acid D. A. B 
B. is controlled by the kidneys E. B.e 
C. may be considered base 
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30. Which of the following are signs of metabolic acidosis? 

A hyperreflexia, paresthesias, and tetany. 
B. giddiness, irregular respiratory pattern, and mOist, cool skin. 
C. muscle weakness and numbness and tingling in the extremities. 
D. lethargy, disorientation, and increased rate and depth of 

respirations. 

31. Ms. Modigan is hyperventilating. She 1s likely to develop: 

I. tetany A 1, 2, 3 
2. convulsions B. 1,2, 4 
3. increased pH C. 1,2,3, 5 
4. decreased pH D. 1, 2, 4, 5 
5. _ pC02 decreased 

Questions 32 - 35 relate to the following arterial blood findings: 

pH 7.20 
pC02 40 mm Hg. 
HC03 13.5 mEq per liter 

Indicate as the correct answer the letter: 
A if the statement is supported by laboratory findings. 
B if the statement is not supported by laboratory findings. 
C if the statement is neither suported nor contradicted by labor~tory 

findings. 

32. The pC02 is lower than norma1. 

33. The HC03 is lower than norma1. 

34. The pat ient is in great need of oxygen. 

35. The patient is in a state of metabolic acidosis. 
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Questions 36 - 50 are arterial blood gas problems. Evaluate each set of lab 
values. On the line to the right of the values indicate whether the values 
indicate the acid-base status is: normal, metabolic aCidosis, metabolic 
alkalosis, respiratory acidosis, or respiratory alkalosis. Also, indicate 
whether the situation is compensated or uncompensated. 

36. pH 7.20 
pC02 65 
HC03 24 

37. pH 7.60 
pC02 40 
HC03 39 

38. pH 7.50 
pC02 40 
HC03 42 

39. pH 7.55 
pC02 25 
HC03 24 

40. pH 7.40 
pC02 70 
HC03 41 

41. pH 7.38 
pC02 23 
HC03 13 

42. pH 7.49 
pC02 40 
HC03 27 

43. pH 7.30 
pC02 39 
HC03 17 
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44. pH 7.24 
pC02 38 
HC03 15 

45. pH 7.25 
pC02 48 
HC03 24 

46. pH 7.47 
pC02 25 
HC03 25 

47. pH 7.46 
pC02 40 
HC03 36 

48. pH 7.42 
pC02 50 
HC03 30 

49. pH 7.38 
pC02 31 
HC03 19 

50. pH 7.60 
pC02 23 
HC03 24 
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STUDY GUIDE: ACID-BASE MICBOWORLD 

After using this microworld program the student will be able to: 

I. Given a simulated solution, explain the effect of adding acid to a 
solution on the pH of the solution. 

2. Given a simulated solutionJ explain the effect of adding alkaJi to the 
solution on the pH of the solution. 

3. Given the name of an ingredient in a solution, explain the concept of 
-normal range- of that ingredient. 

4. Given the level of acid and base in a solution, predict whether the pH 
of the solution will be acidJ alkaline, or neutral/normal. 

s. Define the term compensation in relation to acid-base status. 

6. Given two ingredients, one acid and one base, summarize the process 
of compensation to neutralize the pH. 

Instructions for program use: 

'1. Boot the Apple Logo II disk. 
2. Remove the Apple Logo II disk, and place the program disk in drive 1. 
3. Type the following command: SETPREFIX -/CRITT / 
4. Press return. 
S. Type LOAD -MICROWORLD 
6. Press return. 
7. Type ST ART.HERE 
8. Press return. The program wi11 begin following this step. Follow the 

directions on the screen. 

Study Guide Questions: 

Section J (AS02): 
1. What is the normal range for AS02? 
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2. At what level of AS02 does the pH of the solution become acid? 

3. At what level of AS02 does the pH of the solution become alkaline? 

After testing your responses to these questions on the computerJ you may wish 
to alter your responses above. 

Section 2 mOO3 ). 

1. What is the normal range of B003? 

2. At what level of B003 does the pH of the solution become acid? 

3. At what level of Boo3 does the pH of the solution become alkaline? 

After testing your responses to these questions on the computer, you may wish 
to alter your responses above. 

Section 3 (Compensation): 

1. If the amount of AS02 in the solution is elevated and the pH of the solution 
is acidJ what would you need to do to the level of Boo3 in order to bring 
the pH of. the solution back to normal? 



88 

2. If the amount of AS02 in the solution is decreased and the pH of the 
solution is alkaline, what would you need to do to the level of BD03 in 
order to bring the pH of the solution back to normal? 

3. If the amount of BD03 in the solution is increased and the pH of the 
solution is alkaline, what would you need to do to the level of AS02 in 
order to bring the pH of the solution back to normal? 

4. If the amount of BD03 in the solution is decreased and the pH of the 
solution is acid, what would you need to do to the level of AS02 in order to 
bring the pH of the solution back to normal? 

To test your answers to these four Questions on the computer, follow these 
examples: 

If you answered Question number one that you would decrease the level of BD03 
to compensate for a high level of AS02, you would try a high level of acid and a 
low level of base and observe the results. For example, you might type: ACID 60 
-BASE 12. 

If you answered Question number one that you would increase the level of BD03 
to compensate for a high level of AS02, you would try a high level of acid and a 
high level of base and observe the results. For example, you might type: ACID 
60 -BASE 42. 

You must use this exact format for testing answers: 
'ACID' 'amount' '-BASE' 'amount' 

Do this for each Question. After testing your responses to these Questions 
on the computer, you may wish to change your answers accordingly. 
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SHORT TERM RETENTION TEST. 

Acid-Base Balance in the Human Body 
Southwestern Community College: Nursing Education 

Read each question carefully. There is only one best answer for each question. 

Questions 1 - 3 are true-false. Read each statement carefully, indicate on the 
line to the left of the statement a 'r if the statement is true or an 'F' if the 
statement if not true .. 

1. Arterial blood is neutral--it is neither acidic nor alkaline. 

2. Hyperventilation causes a decrease in the carbonic acid level in 
the blood. 

3. A major goal of therapy for a patient with respiratory acidosis is 
to slow the rate and depth of breathing. 

Questions 4 - 34 are multiple choice. Choose the one best answer for each 
Question. Circle your answer. 

4. The largest buffer system in the body is the: 

A bicarbonate-carbonic acid system. 
B. phosphate system. 
C. plasma protein system. 
D. ammonia system. 

5. When an increase In body acid is balanced by a proportionate increase in 
base, the pH returns to normal. This process is called: 

A assimilation 
B. accommodation 

c. compensation 
D. congruency 
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6. The only way to confirm the presence of an acid base disturbance Is by: 

A leukocyte differential analysis. 
B. arterial blood gas analysis. 

C. a complete blood count. 
D. autopsy. 

7. Mr. DeNapoli is to have a specimen taken for blood gas analysis. The 
nurse should: 

A mix the obtained specimen with an equal amount of air. 
B. administer heparin to the patient immediately before obtaining the 

sample. 
C. apply a face mask with 40% oxygen prior to obtaining the sample. 
D. apply firm pressure to the puncture site after obtaining the 

specimen. 

. 8. An elevated pH along with a decreased pC02 is indicative of: 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

9. Ms. Donnelly is brought into the emergency room in severe shock after 
being shot in the thigh. The disturbance she will exhibit is: 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

10. Which of the following patients is at risk for developing metabolic 
alkalosis? One who: 

A is a diabetic and has omitted several doses of insulin. 
B. is undergoing gastrointestinal suctioning. 
C. has overdoses on aspirin. 
D. has diarrhea. 
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11. Mrs. Daniels is pregnant with her first child and has started labor. She 
has had no preparation and is extremely frightened. She is a risk to 
develop: 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

12. Which of the following blood buffers is regulated by both the kidneys 
and the lungs? 

A bicarbonate 
B. protein 
C. phosphate 
D. hemoglobin 

Isaac is 63 years old and has been admitted to the hospital with a diagnosis of 
diabetes mellitus. On admission, the nurse observes rapid respirations, 
confusion, and signs of dehydration. 

13. Considering Isaac's diagnosis and symptoms, he is most prone to which 
of the fol1owing acid-base disturbances? 

A metabolic acidosis 
B. metabolic alkalosis 
C. respiratory acidosis 
D. respiratory alkalosis 

14. A manifestation not associated with altered acid-base balance would 
be: 

A bradycardia 
B. hypertension 
C. lethargy 
D. tachypnea 
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15. In terms of a cellular buffering response, the nurse should expect that 
the major electrolyte disturbance would be: 

A hyperkalemia 
B. hypematremia 

C. hypocalcemia 
O. hypokalemia 

Judy is a 55 year old woman with a ten year history of chronic obstructive 
pulmonary disease. She came to the emergency room with symptoms of severe 
headach~ and blurred vision. Her respirations on admission were 60 per 
minute and shallow in nature. 

16. Considering Judy's diagnosis of COPO, she is most likely to mani fest 
what acid-base imbalance? 

A metaboJic acidosis 
B. metabolic alkalosis 

C. respiratory acidosis 
O. respiratory alkalosis 

17. The nurse would initially instruct Judy to: 

A breathe deeper and alter her rate to 30 breaths per minute. 
B. hold ber breath for 30 seconds, every 5 minutes. 
C. hypoventilate by increasing the rate of her respirations. 
O. maintain shallow lung expansion. 

18. Judy needs supplemental oxygen via nasal cannula because of an 
associated hypoxemia. The nurse should adjust the liter flow to: 

A 2 to 3 liters/minute 
B. 4 to 5 liters/minute 
C. 6 to 7 liters/minute 
O. 8 to 9 liters/minute 

19. Chemoreceptors in the carotid bodies in the neck and aortic arch 
influence respiration because they are sensitive to blood levels of: 

A oxygen 
B. uric acid 

C. bicarbonates 
O. carbon dioxide 
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20. During respirations, the exchange of oxygen and carbon dioxide in the 
alveoli occurs by the process of: 

A osmosis 
B. dialysis 

C. f jJ trati on 
D. diffusion 

21. The nurse studies the blood pH of one of her patients. The pH is within 
normal range when the ratio of HC03 to CO2 is approximately: 

A t to t 
B. 5 to t 
C. 10 to 1 
O. 20 to 1 

22. Which one of the following blood findings should the nurse judge as 
typical for a patient who has metabolic acidosis? 

A an increased bicarbonate content 
B. a decreased bicarbonate content 
C. an increased carbon dioxide content 
D. a decreased carbon dioxide content 

23. The body's normal buffering system, which maintains an acid-base 
balance, is geared toward either taking up or releasing the ion: 

A sodium 
B. oxygen 
C. hydrogen 
D. potassuim 

24. The normal range for the pH of arterial blood is between: 

A 7.12 and 7.22 
B. 7.22 and 7.32 
C. 7.38 and 7.42 
D. 7.42 and 7.52 
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25. Respiratory acidosis can be caused by: 

1. chronic obstructive pulmonary disease 
2. vomiting 
3. pregnancy 
4. hypoventilation 

A 1 
B. 1, 3 
C. '1,4 
D. 1, 2, 4 

26. Saliva is a nearly neutral solution. This means that it has a pH of: 

A 4 
B. 7 
C. 9 
D. 12 

27. Which of the following act as buffering systems in the blood? 

A carbonic acid-sodium bicarbonate D. A, B 
B. phosphates E. A,B,C 
C. proteins 

28. Which of the following statements concerning pC02 are correct? 

A decreased ventilation results in increased pC02. 
B. the higher the pC02 the lower the pH. 
C. pC02 is controlled by the lungs. 
D. all of the above. 

29. Which of the following statements concerning HC03 are correct? 

A may be considered acid D. A, B 
B. is control1ed by the kidneys E. B,C 
C. may be considered base 
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30. Which of the following are signs of metabolic acidosis? 

A hyperreflexia, paresthesias, and tetany. 
B. giddiness, irregular respiratory pattern, and moist, cool skin. 
C. muscle weakness and numbness and tingling in the extremities. 
D. lethargy, disorientation, and increased rate and depth of 

respirations. 

31. Ms. Modigan is hyperventilating. She is likely to develop: 

1. tetany A I, 2, 3 
2. convulsions B. 1,2,4 
3. increased pH C. 1,2,3,5 
4. decreased pH D. 1, 2, 4, 5 
5. pC02 decreased 

Questions 32 - 35 relate to the following arterial blood findings: 

pH 7.20 
pC02 40 mm Hg. 
HC03 13.5 mEq per liter 

Indicate as the correct answer the letter: 
A if the statement is supported by laboratory findings. 
B if the statement is not supported by laboratory findings. 
C if the statement is neither suported nor contradicted by laboratory 

findings. 

32. The pC02 is lower than normal. 

33. The HC03 is lower than normal. 

34. The patient is in great need of oxygen. 

35. The patient is in a state of metabolic acidosis. 
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Questions 36 - 50 are arterial blood gas problems. Evaluate each set of lab 
values. On the line to the right of the values indicate whether the values 
indicate the acid-base status is: normal, metabolic acidosis, metabolic 
alkalosis, respiratory acidosis, or respiratory alkalosis. Also, indicate 
whether the situation is compensated or uncompensated. 

36. pH 7.29 
pC02 62 
HC03 24 

37. pH 7.49 
pC02 24 
HC03 17 

38. pH 7.51 
pC02 40 
HC03 41 

39. pH 7.38 
pC02 48 
HC03 34 

40. pH 7.32 
pC02 40 
HC03 1 1 

41. pH 7.34 
pC02 32 
HC03 14 

42. pH 7.41 
pC02 40 
HC03 24 

43. pH 7.30 
pC02 62 
HC03 24 
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44. pH 7.40 
pC02 62 
HC03 41 

45. pH 7.50 
pC02 23 
HC03 17 

46. pH 7.25 
pC02 60 
HC03 17 

47. pH 7.30 
pC02 40 
HC03 17 

48. pH 7.55 
pC02 40 
HC03 32 

49. pH 7.50 
pC02 50 
HC03 32 

50. pH 7.60 
pC02 19 
HC03 25 
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APPENDIX F. NEAR TRANSFER TEST 
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NEAR TRANSFER TEST 

1. A 17-year-old diabetic entered the emergency room with Kussmaul 
breathing and irregular pulse of 88. Arterial blood gases were drawn 
with the fol1owing results--pH 7.05, pC02 12 mm Hg, HC03 5 mEq/l. 
The patient's blood pressure is 110/70. 

What is your interpretation of the acid-base status of this patient? 

2. A 66-year-old woman with a history of chronic obstructive pulmonary 
disease entered the emergency room In obvious pulmonary edema. Room 
air blood gases were drawn with the fol1owing results--pH 7.10, pC02 
25 mm Hg, HC03 8 mEq/l. The patient has a respiratory rate of 32 and 
a pulse of 100. 

What is your interpretation of the acid-base status of this patient? 

3. A 17-year-old girl with severe kyphoscoliosis entered the hospital 
with pneumonia. Room air blood gases are--pH 7.53. pC02 31 mm Hg, 
HC03 25 mEq/l. The Doctor orders oxygen at a rate of 3 liters per 
minute. 

What is your interpretation of the acid-base status of this patient? 

4. A 47-year-old man col1apsed on the street and was brought to the 
emergency room. On admission he was blue. had no palpable pulse, and 
was making agonal respiratory movements. The patient was 
successfully resuscitated. and the following blood gases were drawn: 
pH 7.51. pC02 35 mm Hg, HC03. 27 mEq/l. The patient has a B/P of 
124/88. pulse of 64, and respirations of 64. 

What is your interpretation of the acid-base status of this patient? 
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5. A 54-year-old woman with a 10-year history of heart failure was 
taking diuretics regularly. She had a chest cold the last week and 
experienced progressive shortness of breath. Room air blood gases: 
pH 7.54, pC02 26 mm Hg, HC03 22 mEq/L, p02 48 mm Hg. Oxygen 
therapy is ordered. 

What is your interpretation of the acid-base status of this patient? 

6. A 47-year-old man without previous iJlness entered the coronary care 
unit with an ECG diagnosis of "inferior wal1 infarce and severe chest 
pain. He had received morphine 1 14 grain in the emergency room. The 
cardiac monitor shows numerous PVC-so Room air blood gases are-
pH 7.51, pC02 29 mm HgJ HC03 23 mEq/L. 

What is your interpretation of the acid-base status of this patient? 

7. A 9-year-old boy with a history of a11ergic asthma is admitted to the 
emergency room. He had been placed on penici11inJ plus oral 
bronchodiJatorsJ for one week. His mother stated he had not slept in 
two nights. The child was sitting and was using all accessory muscles 
to breathe. The wheezes can be heard from across the room. Room air 
blood gases are: pH 7.46J pC02 25 mm Hg, HC03 15 mEq/L. The chiJd's 
respiratory rate is 32. 

What is your interpretation of the acid-base status of this patient? 

8. A 24-year-old woman entered the emergency room with a broken ankle. 
She appeared somewhat disoriented and confused. Room air blood gases 
were: pH 7.55, pC02 27 mm Hg, HC03 23 mEq/L. There is little evidence 
of tissue hypoxia. The patient is in pain and is considerably anxious. 

What is your interpretation of the acid-base status of this patient? 
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9. A 67-year-old woman was admitted for uncontrol1ed rectal bleeding of 
several days duration. Room air blood gases are: pH 7.48, pC02 28 mm 
Hg, HC03 21 mEq/L. Hemoglobin content is 6 gm ~, pulse rate is 100, 
blood pressure is 100/55. 

What is your interpretation of the acid-base status of this patient? 

10. A 76-year-old man with a long history of symptomatic chronic 
obstructive pulmonary disease entered the hospital with basilar 
pneumonia. Room air blood gases are: pH 7.25, pC02 49 mm Hg. 
HC03 40 mEq/L, p02 38 mm Hg. He is placed on a nasal cannula at 
2 L/minute flow. Vital signs are: B/P 160/98, P 78, R 20. 

What is your interpretation of the acid-base status of this patient? 
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APPENDIX G. FAR TRANSFER WORKSHEET 
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FAR TRANSFER WORKSHEET 

For each of the five patients assigned, complete the following information. 

History: Assessment Dottt Acid-Base Status 
(dlognosis, age .. etc.) (lab wone .. resp. stotus .. etc.) 

1. Potient Initiols: 

2. Patient IniUols: 
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3. Potient Initiols: 

4. Potient Initiols: 

5. Potient Initiols: 
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APPENDIX H. LONG TERM TRANSFER TEST 
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LONG TERM TRANSFER TEST 

1. A 17-year-old diabetic entered the emergency room with Kussmaul 
breathing and irregular pulse of 88. Arterial blood gases were drawn 
with the following results--pH 7.05, pC02 12 mm Hg, HC03 5 mEq/L. 
The patient"s blood pressure is 110/70. 

What is your interpretation of the acid-base status of this patient? 

2. A 66-year-old woman with a history of chronic obstructive pulmonary 
disease entered the emergency room in obvious pulmonary edema. Room 
air blood gases were drawn with the following results--pH 7.10, pC02 
25 mm Hg, HC03 8 mEq/L. The patient has a respiratory rate of 32 and 
a pulse of 100. 

What is your interpretation of the acid-base status of this patient? 

3. A 17-year-old girl with severe kyphoscoliosis entered the hospital 
with pneumonia. Room air blood gases are--pH 7.53, pC02 31 mm Hg, 
HC03 25 mEq/L. The Doctor orders oxygen at a rate of 3 liters per 
minute. 

What is your interpretation of the acid-base status of this patient? 

4. A 47-year-old man collapsed on the street and was brought to the 
emergency room. On admission he was blue, had no palpable pulse, and 
was making agonal respiratory movements. The patient was 
successful1y resuscitated, and the following blood gases were drawn: 
pH 7.51, pC02 35 mm Hg, HC03, 27 mEq/L. The patient has a B/P of 
J 24/88, pulse of 64, and respirations of 64. 

What is your interpretation of the acid-base status of this patient? 
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5. A 54-year-old woman with a 10-year history of heart failure was 
taking diuretics regularly. She had a chest cold the last week and 
experienced progressive shortness of breath. Room air blood gases: 
pH 7.54. pC02 26 mm Hg. HC03 22 mEq/L. p02 48 mm Hg. Oxygen 
therapy is ordered. 

What is your interpretation of the acid-base status of this patient? 

6. A 47-year-old man without previous illness entered the coronary care 
unit with an ECG diagnosis of "inferior wall infarct" and severe chest 
pain. He had received morphine 1 14 grain in the emergency room. The 
cardiac monitor shows numerous PVC's. Room air blood gases are-
pH 7.51. pC02 29 mm Hg. HC03 23 mEq/L. 

What is your interpretation of the acid-base status of this patient? 

7. A 9-year-old boy with a history of allergic asthma is admitted to the 
emergency room. He had been placed on penici11in. plus oral 
bronchodiJators. for one week. His mother stated he had not slept in 
two nights. The child was sitting and was using all accessory muscles 
to breathe. The wheezes can be heard from across the room. Room air 
blood gases are: pH 7.46. pC02 25 mm Hg. HC03 15 mEq/L. The child's 
respiratory rate is 32. 

What is your interpretation of the acid-base status of this patient? 

8. A 24-year-old woman entered the emergency room with a broken ankle. 
She appeared somewhat disoriented and confused. Room air blood gases 
were: pH 7.55. pC02 27 mm Hg. HC03 23 mEq/L. There is little evidence 
of tissue hypoxia. The patient is in pain and is considerably anxious. 

What is your interpretation of the acid-base status of this patient? 
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9. A 67-year-old woman was admitted for uncontrolled rectal bleeding of 
several days duration. Room air blood gases are: pH 7.48) pC02 28 mm 
Hg, HC03 2 J mEq/l. Hemoglobin content is 6 gm "', pulse rate is J 00, 
blood pressure is 100/55. 

What is your interpretation of the acid-base status of this patient? 

J O. A 76-year-old man with a long history of symptomatic chronic 
obstructive pulmonary disease entered the hospital with basilar 
pneumonia. Room air blood gases are: pH 7.25, pC02 49 mm Hg, 
HC03 40 mEq/L, p02 38 mm Hg. He is placed on a nasal cannula at 
2 L/minute flow. Vital signs are: B/P 160/98, P 78, R 20. 

What is your interpretation of the acid-base status of this patient? 

'I. Mr. Jones, a 76-year-old man with history of heart disease, enters the 
emergency room with complaint of chest pain. Mr. Jones has a cardiac and 
respiratory arrest whi Ie in the ER. 

What would you anticipate to be the acid-base status of Mr. Jones 
following the arrest? 

List a set of arterial blood gas findings that would demonstrate this 
imbalance. 

12. Sarah Smith, a 6-year-old patient has had diarrhea for the past several 
days. Her stools have been liquid and foul smelting. 

What acid-base disturbance would Sarah be likely to develop? Why? 

List a set of arterial blood gas findings that would demonstrate this 
imbalance. 


