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FOREWORD 

This report. 1s part of a larger program to develop new methods for de- 
signing and procuring maintenance training devices.    In particular, it is one 
of a series of efforts to help PM-TRADE produce a model for procuring generic 
maintenance trainers.    The report can be used by PM-TRADE as a resource docu- 
ment to evolve general specifications for the Army Maintenance Training and 
Evaluation Simulation System (AMTESS).    It wouK also be useful in tailoring 
AMTESS to meet specific future training device requirements. 

Finally, the document, though dealing specifically with AMTESS, should 
also provide a model for conducting human factors analysis and design recom- 
mendations for other training devices. 

EDGAR M. JOHNSON 
Technical Director 
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HUMAN FACTORS ANALYSIS OF TWO PROTOTYPE ARMY MAINTENANCE TRAINING AND 
EVALUATION SIMULATION SYSTEM (AMTESS) DEVICES 

:XECUTIVE SUMMARY 

Requirement: 

The Army Maintenance Training and Evaluation Simulation System (AMTESS) 
devices are maintenance training devices which consist of a core component 
(2-D module) for presenting Instruction and a computerized modular 3-D com- 
ponent (actual equipment mock-up) on which the student practices maintenance 
skills. One AMTESS device was constructed by the Grumman Aerospace Corpora- 
tion and the other by a consortium of the Seville Research Corporation and 
Burtek, Inc. The purposes of the present human factors analysis were to 
expand the AMTESS data base with detailed human factors Information, to pro- 
vide an example of a human factors analysis of a training device, and to 
offer human factors suggestions for future device Jesign. 

Procedures: 

Several human factors assessment procedures were devised and/or adapted 
for use in this assessment and applied to both AMTESS devices. These pro- 
cedures included a MIL-STD-1472C-based checklist pertaining to hardware and 
software requirements for military devices, an Analytic Profile System dis- 
play analysis, an instructional features/courseware assessment, a readability 
analysis, and a student performance record analysis. (The 200-page checklist, 
complete with data for both devices, has been published as an Army Research 
Institute Research Note.) Relevant information prevlou-ly collected 1n other 
AMTESS studies was assembled, summarized from a human factors perspective, 
and tabulated. Data generated included quantitative measures such as number 
of critical items from the 1472C-based checklist addressed by each device, 
and qualitative data such as opinions about useful device features. All 
information was organized within three broad areas of concern: hardware, 
software, and Instructional features of the courseware. Recommendations 
were offered concerning future training device design and human factors 
analyses. 

Findings: 

In the area of hardware, both devices were found to include all but one 
feature critical to device functioning as revealed by the MIL-STD-1472C-based 
checklist.   Neither device provides the critical feature of printout of 
student performance data in the event of power loss.    Opinion survey data 
pointed to poor repair records for both devices. 

With respect to software, both devices included desirable software 
features such as lesson editing capability and malfunction insertion. 

vii 
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Software criticisms include lessons which are difficult to edit and slow 
system response time for the Grumman device, and the proprietary language 
used in the Sevllle/Burtek device. 

The results of the courseware evaluation suggested that lesson material 
and lesson design reflect learning principles only minimally. Both devices 
present material* accept and evaluate student Input» and provide contingent 
feedback. Neither device allows for repeated practice, presentation of tasks 
in order of difficulty, varied and multiple presentations of the same 
material, or systematic review of previously learned skills. 

It 1s suggested that the courseware of future computerized maintenance 
training devices be based on important learning principles. Allocation of 
function between device and Instructor should be reviewed, and displays 
should be more carefully composed. Student performance data should be 
collected and carefully displayed for ease of use. 

The results further suggest that a human factors analysis of a training 
device Include components similar to the hardware, software, and courseware' 
assessments discussed in this report. In addition, the courseware and dis- 
play assessments used in the present analysis might be expanded for use in 
future analyses. New assessments in the areas of editing capability and 
device-student Interaction are also suggested. 

Use of Findings: 

These findings will be useful to those Interested in human factors 
analysis of training devices and in training device design. They will help 
1n the development of specifications for the design of future maintenance 
training devices. 

vüi 
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HUMAN FACTORS ANALYSIS OF TWO PROTOTYPE ARMY MAINTENANCE TRAINING AND 
EVALUATION SIMULATION SYSTEM (AMTESS) DEVICES 

INTRODUCTION 

Purpose 

This report documents a human factors analysis of two prototype Army 
Maintenance Training and Evaluation Simulation System (AMTESS) devices. 
The analysis was conducted to determine the extent to which the AMTESS devices 
incorporate accepted human factors guidelines (in such areas as hardware 
design, software capability, ana safety) and principles of instructional 
design (e.g., clear presentation of material, delivery of reinforcement). 
The conduct and results of this analysis serve three purposes. First, 
they increase the data base of the AMTESS devices. Second, they serve as an 
example for conducting a human factors analysis of interactive maintenance, 
training devices. Third, they provide Information that will aid in the 
development of guidelines for the design of interactive maintenance training 
devices, and of future training device human factors analyses. 

AMTESS Devices 

The AMTESS devices may be categorized as generic or aeneral purpose 
training devices. The devices Include a two-dimensional (2-D) display which 
presents textual (words, pictures) training material, and a three-dimensional 
(3-D) equipment mock-up for practice and testing. This 2-D/3-D combination 
represents a sophisticated configuration 1n maintenance training device 
design (Brock, 1978). 

The devices consist of an instructor station (IS) with central computer, 
a separate student station (SS), and modular 3-D interchangeable components. 
The devices are general purpose in the sense that the IS and SS have general- 
ized, but incomplete capability, and a modular component tailors the device 
to a specific application.1 Thus, one device may be used for as many dif- 
ferent training programs as there are 3-D components. 

All the military services use general purpose devices. However, AMTESS 
devices differ from other general purpose trainers 1n at least one important 
way: their sophisticated use of high technology with the modular component. 
When a student manipulates a part of an AMTESS 3-D module (e.g., loosens a 
bolt, adjusts a dial, removes or Installs a part), the action 1s registered 
by the computer and Its accuracy assessed. Most other devices do not have 
this capability. In fact, most other general purpose trainers use a 2-D, 
not a 3-D, component which tailors the device to a specific application. 

Orlansky and String (1981) call this type of device "standard." 

>vv .vVvvvv>;--^ 



The two prototype AMTESS devices were constructed to test the technology 
and were used in small-scale device effectiveness studies. One device was 
constructed by the Grumman Aerospace Corporation and the other by the Seville 
Research Corporation and Burtek, Inc. 

Figure 1 presents the components of the Grumman device. The IS and SS 
have separate components but are located at the same desk. The IS includes 
device control functions with the central computer, videodisc player, dual 
floppy disk unit, and Instructional control functions with a CRT and keyboard 
(for lesson editing), and a hardcopy printer. The SS contains one component: 
a CRT where videodisc instructional frames are presented which the student 
touches to Input responses. The 3-D modules (representing the starting and 
charging system of a self-propelled howitzer engine and the transmitter por- 
tion of a high power radar unit), each containing a second computer, plug 
into a wall socket and attach to the central computer with an RS232 cable. 

Figure 2 presents the components of the Seville/Burtek device. The IS 
and SS are physically separated, each on its own desk. The IS 1s contained- 
in a desk with three drawers. Device control functions are accomplished :, 
with the computer, hard and floppy disk drives, and power supplies, each 
located 1n a drawer. The instructional control functions are accomplished 
with the pushbutton panel (used by the instructor to specify task sequencing 
within a lesson), CRT with keyboard (for editing any material presented to 
the student) and hardcopy printer located on top of the desk. The SS con- 
tains a pushbutton panel for inputting responses, and two screens all 
located in one unit. The CRT screen instructs and queries the student. The 
slide projection screen presents pictures and schematics as needed during 
training for emphasis. The 3-D modules (a full-scale mock-up of a 5-ton 
diesel truck engine and the transmitter portion of a high power radar unit) 
operate off the IS computer, and attach to the IS with four large cables. 

Brief History of AMTESS 

Criswell, linger, Swezey, and Hays (1983) present a detailed history of 
the entire AMTESS project from its inception through device evaluation at 
two Army schools. Figure 3 presents the timeline of events adapted from 
Criswell et al. (1983). Briefly, four contract firms (Hughes Aircraft 
Company, Honeywell System and Research Center, Seville Research Corporation, 
and Grumman Aerospace Corporation) were commissioned in September 1979 by 
PM TRADE to conduct front-end anayses (FEAs) and design generic maintenance 
training devices. Each company submitted designs by July 1980. Still under 
the auspices of PM TRADE, two firms, Grumman and Seville teamed with Burtek, 
Inc., each constructed two breadboard prototype devices which were delivered 
tc two Army test schools in 1982. 

Evaluation of the prototypes (which began 1n early 1982) has been a 
large-scale effort. SAI conducted the transfer-of-tra1ning evaluation of 
the two AMTESS devices. That evaluation found few practical differences 
between simulator and conventional (actual equipment) training (Unger, 
Swezey, Hays, and Mirabella, 1984b), and benefits for simulator training in 
such areas as safety and range of malfunctions used during training (Unger 
et al., 1984a, c). In addition, school personnel held a positive attitude 
toward the simulators (Unger et al., 1984a, c). The devices wer« not 
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Figure 1. Components of the Grumman AMTESS device. 
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Figure 2.   Components of the Sevllle/Burtek AMTESS Device 
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designed or procured for wide-scale use in training, but similar school- 
ready devices may be procured 1n the future. 

The AMTESS device development process has also been evaluated. Woelfel, 
Duffy, Unger, Swezey, Hays, & Mirabella (1984) critiqued the FEA procedures 
used by the four contractors to develop AMTESS concepts. Woelfel et al. 
(1984) found similarity across all four concepts, adequate FEA documentation 
for three of the four contractors, but only informal evaluations and accep- 
tance criteria advanced by the government. Criswell et al. (1983) critiqued 
the entire device development process and found that unclear (or nonexistent) 
criteria for device acceptance at all stages of development contributed to 
acceptance of devices with poor operational performance. In addition, govern- 
ment requirements for the devices changed in major ways during device develop- 
ment, but the devices were not changed accordingly, a problem which went 
unnoticed until the devices arrived at the schools and the evaluation team 
commenced the evaluation (Criswell et al., 1983). The devices are now 
housed 1n a university psychology laboratory. They will be modified for 
use in basic research on training device features for at least the next few 
years. This human factors analysis 1s the final evaluation of the AMTESS- 
devices as they were delivered 1n 1982 by Grumman and Seville/Burtek. 

Human Factors Analyses during Device Development 

The development process of a maintenance training device may be thought 
of as having three stages: device concept development, prototype device 
development, and production model development. [These stages parallel Kane 
and Holman's (1982) stages of advanced development, engineering development, 
and production.] Figure 4 presents the stages in device development and the 
points at which human factors are a concern. As shown in Figure 4, human 
factors should be considered by the device contractor at each stage of 
development. Probably the most thought to human factors should be given 
during front-end analysis and concept design. Then, after a device 1s con- 
structed, changes in human factors design will be made as a result of observ- 
ing real people operate the real device. From the government's perspective, 
a human factors test should be Included in the acceptance testing for each 
stage in the development. [The U.S. Army is presently working to systemati- 
cally Integrate human factors analysis Into its official system development 
process (U.S. Army, Material Development and Readiness Command, 1984). A 
developing system would continue to the next Hfe-cycle stage, contingent in 
part on a satisfactory human factors analysis.] 

The government's goal for device concept development 1s to evaluate 
alternative device concepts and select the concepts that will become actual 
devices (Kane & Holman, 1982). Contractors arrive at device concepts by com- 
pleting front-end analyses. A thorough FEA should consist of seven components 
as described by Woelfel et al. (1984) in addition to a life-cycle cost esti- 
mate. The seven analyses are: task analysis, training requirements analysis, 
fidelity analysis, reliability and maintainability analysis, organization 
analysis, human factors analysis, and target population analysis. During FEA, 
the contractors gather pertinent data, incorporate findings Into their design, 
and submit the design to the government. It is during this time, then, that 
human factors are first considered by the contractor. The government then 
assesses the degree to which designs incorporate FEA results including the 
extent to which human factors principles are incorporated into the design. 
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Stage 1n 
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Government 

Device Concept Provides 
performance 
specifications. 

Prototype 
Device Commission 

prototype 
construction 

Production 
Model Device Commission 

production 

I 

Government/ 
Evaluation Tew» 

Device 
Contractor 

Front-end 
analyses: 
Task 
Training Require- 
ment 
Fidelity 
Reliability 
Organization 
Human Factors 
Target Population 
Cost 

Design acceptances* 
(Includes human 
factors acceptance) 

Construct devices 

Accept devices* 
(Includes human 
factors acceptance) 

Conduct small group 
experimental/analytlc 
wort on device 
effectiveness 
(includes human 
factors tests). 

(Nay Include addi- 
tional test phases 
on modified proto- 
type) 

11 fy device 
based on test 
sum 

Accept products 
model (Includes 
human factors 
acceptance) 

Continue test and 
revision as necessary 

reduce produc- 
tion model 

-Produce device 
for wldescale 
Implementation 

i Figure 4.    Development process of a maintenance training device. 
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During prototype development, the contracting firm should not have to 
repeat its FEA (Kane & Hoiman, 1982) unless drastic changes in government 
requirements for the device occur (Criswell et al., 1983). The government, 
however, should conduct human factors analysis as part of its in-plant review 
(during device construction) and device acceptance (after construction). 
These reviews should assess the degree to which human factors and instruc- 
tional design principles are implemented in the actual device. In addition, 
the prototype device evaluation team should complete a human factors analysis 
as part of their evaluation. Usually the object of the first prototype 
evaluation 1s to test training effectiveness and transfer of training (Kane & 
Holman, 1982) and human engineering concerns (HendHcks, Kilduff, Brooks, 
Marshak, & Doyle, 1983) using a small sample of typical students. Following 
prototype testing of the first-run or breadboard model, some devices may be 
modified, a second-run prototype or brassboard model constructed and that 
model tested (Kane & Holman, 1982). This brassboard step may be omitted if 
the breadboard functions well or 1f resource limitations prohibit 1t. 

During the production stage, the contractor and government may conduct- 
analyses to determine if the production model meets specifications and 1f -. 
large-scale use suggests design modifications (Kane & Holman, 1982). This 
evaluation should Include human factors assessment. 

During the AMTESS concept development stage, the four contractors com- 
pleted FEA which Included task analysis, training requirements analysis, 
and fidelity analysis. The influence of these analyses on device design are 
described in ciielr final reports. The contractors each produced a volume 
containing the results of the FEAs and a volume presenting "preliminary sys- 
tem engineering design" which consists of schematics and specifications of 
their proposed devices. Human factors concerns certainly influenced these 
designs, but no special human factors analysis was required or conducted by 
the contractors, and the government did not systematically apply human factors 
criteria 1n assessing the device designs. 

General Approach to the Analysis 

There is no one standard procedure for conducting a human factors 
analysis of a maintenance training device. Smode (1972) presents a broad 
definition of a human factors analysis, suggesting that a human factors 
analysis should test the total capabilities of the device as a training tool. 
Smode suggests this be accomplished by employing two broad types of tests: 
(1) verification that the device creates a physical and psychological environ- 
ment adequate for the training required, and (2) verification that use of 
the device produces learning. 

Smode (1972) says that the first type of analysis, physical and psy- 
chological environment assessment, 1s part of the in-plant acceptance process. 
This analysis appears to have three components. One, it verifies that the 
approved concept design, based on front-end analysis, is correctly fabricated. 
Two, it verifies thct the fabricated device appears physically compatible 
with students and Instructors. Three, this type of analysis assesses that 
learning principles are a part of the device, and that the manifestation of 
these principles is not hindered by physical aspects of the device. 
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The second type of human factors testing suggested by Smode (1972) takes 
place on-site and verifies that the device is valid for achieving Instruc- 
tional objectives. The transfer-of-training studies (Unger et al., 1984a, b, 
c) conducted on the AMTESS devices at the two test sites fall into this 
second broad type of assessment. 

The present analysis pertains to the topics addressed in Smode's (1972) 
first category of human factors analysis, described above. However, AMTESS 
devices were not subjected to specific human factors assessments as part of 
in-pi ant acceptance because such an assessment 1s not a formal, separate com- 
ponent of Army acceptance procedures. (It may be in the future, as mentioned 
earlier.) Thus, the present analysis 1s the first systematic human factors 
assessment of the AMTESS devices. 

As mentioned previously, there 1s no standard human factors assessment 
for a maintenance training device. Therefore, this human factors analysis 
consisted of a battery of assessment techniques specially chosen for their 
applicability to the AMTESS devices, considering their stage of device 
development (I.e., post prototype effectiveness studies). The three broarf.. 
areas of Interest 1n this human factors analysis are hardware, software, and 
instructional features of the courseware. This analysis sought to answer 
the following questions: 

1. Do the devices allow for clear presentation of Instructional 
material? 

2. How well do the devices and students respond to each other? 

3. Is device courseware, or instruction, based on learning 
principles? 

4. Do the devices allow the Instructor to change the program? 

5. Are displays, labels, signals, and controls easy to use or 
understand? 

6. Are personal safety hazards associated with the devices? 

7. Are the devices usually in good working order and easy to 
repair? 

METHOD 

Selection of Assessment Instruments 

A large number of assessment techniques and instruments were considered 
for Inclusion in the battery used in this human factors analysis. Informa- 
tion about various techniques was found in (1) reports and articles on train- 
ing devices [e.g.. Bailey & Hughes (1980); Caro (1977); Fink & ShHver 
(19/8); Hritz, Harris, Smith, & Purifoy (1980); Klein, Gordon, & Palmisano 
(in preparation); Orlansky & String (1981)] contained in our literature 
files, (2) reference books, chapters, and reports related to human factors 
[e.g., Applied Psychological Services (1970); Chapanis (1976); Davis & 
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Swezey (1981, 1983); Hendricks et al. (1983); MIL-STD-1472C (1981); 
Ransey & Atwood (1979); Smode (1972); Systems Exploration, Inc. (1983); 
Van Cott ÄKinkade (1972)]. Only a small number of sources contained 
checklists or other specific assessments [e.g., Applied Psychological 
Services (1970); Smode (1972)]. Most sources only contained information 
which suggested content areas for assessments. From all literature 
surveyed, a battery was put together which appeared to be applicable for 
the AMTESS device analysis, considering the stage of device development. 
In addition, the battery was composed such that information would be. 
obtained about the three broad areas of interest: hardware, software, 
and instructional features of the courseware. Each instrument selected 
is described in this section. 

It is Important to note that of the three components of the devices, 
IS, SS, and 3-D module, the IS and SS were the focus of this analysis. 
Given that the 3-D modules are high fidelity replicas of actual equipment, 
conducting a human factors analysis on the modules would be tantamount to 
conducting an analysis of actual equipment, a task clearly beyond the scope* 
of this analysis. In addition, much of this information was gathered in •. 
the conduct of device FEAs (e.g., Garllchs, Miller, & Davis, 1983). However, 
some information about the 3-D modules, particularly concerning their main- 
tainability, is presented 1n this report because of the Importance of the 
information. 

Some data relevant to this human factors analysis had previously been 
collected during other AMTESS studies in the context of several different 
opinion surveys of AMTESS device experts [Criswell et al. (1983); Klein, 
et al. (in preparation); Unger et al. (1984a, c)]. The different procedures 
used by these investigators were seen as offering pertinent and complementary 
information. The qualitative data in Criswell et al. (1983) were generated 
by asking respondents to compare, within device, features to each other along 
four dimensions of value. The Unger et al. (1984c) data were generated by 
asking respondents to comment on device features, without comparing feature 
to feature or device to device. The Klein et al. (in preparation) data were 
generated by asking respondents to compare device to device, feature by fea- 
ture. All these data wert assembled and incorporated Into this analysis. 
The availability of these data rendered unnecessary additional structured 
interviews and surveys during this analysis. These surveys are described 
in this section. 

Instruments Selected 

MIL-STD-1472C-based Checklist. MIL-STD-1472C (1981) 1s the Department 
of Defense's 300-page listing of human engineering design criteria for 
military equipment. All military equipment should be designed in accordance 
with MIL-STD-1472C. MIL-STD-1472C contains 15 sections of criteria, each 
section has several subsections, and hundreds of criteria are listed. As 
MIL-STD-1472C was designed for all military equipment, not just training 
devices, it was clear that not all of 1t would be relevant to this AMTESS 
evaluation. However, many of its criteria are applicable to a maintenance 
training device. 
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The process of constructing the 1472C-based checklist consisted of four 
steps. First, the 15 sections in 1472C were judged for their applicability 
to the AMTESS devices, and nine sections were found to contain applicable 
criteria. Controls/display integration (1472C paragraph 5.1} pertains to 
the coordination between student/instructor actions (movements of device 
controls) and what is displayed on the IS and SS. Subsections concern 
general criteria, positional, and movement relationships criteria. Visual 
displays (1472C paragraph 5.2) pertains to the visual presentation 
related material to the instructor and student at their stations, 
concern general criteria, indicator lamps, CRT, and other displays 
Audio displays (1472C paragraph 5.3) pertains to the audio signals 
to the instructor and student at their stations. " " _i 

of~ course- 
Subsections 
criteria, 
presented 

Subsections concern general 
criteria, audio warnings, and characteristics of audio warning signals 
criteria. Controls (1472C paragraph 5.4) pertains to input mechanisms (e.g., 
keyboard, touch screen) on the IS and SS. Subsections concern general 
criteria, key operator switches, and linear controls criteria. Labeling 
(1472C paragraph 5.5) pertains to labels on the IS, SS, and 3-D module. 
Subsections concern general criteria, orientation and location, contents, • 
qualities, capital vs lower case, and equipment lablelng criteria. Workspace 
design (1472C paragraph 5.7) pertains to physical arrangement of IS and SS. 
Subsections concern general criteria, standing, and seated operations criteria. 
Design of maintainability (1472C paragraph 5.9) pertains to IS and SS mainte- 
nance, prevention of disrepair. Subsections concern general criteria, 
mounting of items within units, adjustment control, accessibility, access 
openings and covers, conductors, connectors, and failure Indications and 
fuse requirement criteria. Hazards and safety (1472C paragraph 5.13) pertains 
to safety features of the IS and SS. Subsections concern general criteria, 
safety labels and placards, equipment-related hazards, and electrical/ 
mechanical hazards criteria. User-computer interface (1472C paragraph 5.15) 
pertains to the ways in »-'hieb students and instructors contact the device 
(e.g., CRT, menus)  Subsections concern general criteria, data entry, data 
display, interactive control, feedback, prompts, error management/data pro- 
tection, system response time, and other requirements criteria. 

Six sections of 1472C were judged not applicable to this analysis. The 
section on anthropometry includes details about hardware design related to 
body measurements and clothing. It was judged inapplicable because of its 
detail and because general issues were Included in the workspace design sec- 
tion. The environment section pertains to environments (e.g., training 
rooms) where details about lighting and temperature are important. These 
concerns are external to the device. The section on design for remote 
handling pertains to remote controls, not a component of the AMTESS devices. 
The small systems section pertains to portable equipment such as binoculars, 
and is not applicable to the AMTESS devices. The sections on ground, ship- 
board and aerospace vehicles are obviously Inapplicable. 

Second, potentially applicable criteria within the selected nine sections 
were restated as questions. Each question was written so that "yes" is the 
desirable answer. For example, the following is criterion 5.1.1.1 from 1472C 
concerning controls/display integration: 

The relationships of a control to its associated display 
*nd the display to the control shall be immediately 
apparent and unambiguous to the operator. Controls 
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should be located adjacent to (normally under or to the 
right of) their associated displays and positioned so that 
neither the control nor the hand normally used for setting 
the control will obscure the display. 

This criterion became two questions on the checklist: 

• Are relationships of controls to their associated 
displays, and displays to controls, Immediately 
apparent to the operator? 

• Are controls located adjacent to (normally under 
or to the right of) their associated displays 
and positioned so that neither the control nor 
the hand normally used for setting the control 
will obscure the display? 

Thus, there 1s not a 1:1 relationship between 1472C enter-'a and Items on the 
checklist. The Items, however, constitute a representative sample of con-:, 
cerns based on 1472C which were judged applicable to the AMTESS devices. 

Third, other human factors checklists (not designed specifically for 
training device analysis) were reviewed to determine their relevance to the 
1472C-based checklist. Other checklists Included: the Army Human Engineering 
Laboratory guidelines for design of management Information systems (Hendricks 
et al., 1983), a contractor-generated comprehensive supplement to the user- 
computer Interface section of 1472C (Systems Exploration, Inc., 1983), and 
a comprehensive design guide for the Instructor station of a training device 
(Smode, 1972). All three are based, at least in part, on MIL-STD-1472C and 
thus did not appear to be useful in generating additional Information. It 
was decided that the scope and level of detail of the 1472C-based checklist 
was acceptable without additions for our purposes. 

Fourth, the checklist was formatted for ease of use, modeled after a 
human factors checklist used to evaluate a simulated nuclear power plant 
control room (Malone, K1rkpatr1ck, Mallory, E1ke, Johnson, & Walker, 1980). 
Figure 5 presents a sample page from the checklist. Space at the top of 
the form was allocated for identifying the relevant 1472C section, and the 
device and subsystem under study. The items (questions based on 1472C 
criteria) were listed down the left column. Four columns were allotted for 
the answers to the question 1n each item. The judge, choosing from four 
answers, "Yes," "No," "Not applicable," and "Unknown, no data," placed an 
"X" in the appropriate column for each item. In the column labeled 
"Criticality," the judge assessed the criticality or importance of a "Yes" 
answer for each Item. (The criticality scale is described below.) Finally, 
space was allotted for comments. 

The following criticality ratings, adapted from an A1r Force criticality 
scale (Air Force Systems Command, 1969), were used 1n this assessment: 

1 « not critical to the operation of the training device as 
a whole or to the individual stations; if the checklist 
question is answered "No," the device will still be 
able to perform training as it should. 
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B.l     CONTROL/OianAY INTIMATION 

S.I.I GENERAL CRITERIA 

B. 1.1.1.  RELATIONBHIP 

Ars relationships o* controls 
to their associated displays, and 
displays to controls, loosdistoly 
apparent to ths operator? 

Ars controls located adjacont 
to  (noreally under or to ths right 
of>  their sssociatsd displays and 
positioned so that neither tho 
control nor ths hand noroally used 
4or setting ths control Mill obscure 
tho display? 

# 
8.1.1.2 DEMON 

Ars control-display relationships 
apparent to the user through proxlaity, 
sieilarity o* groupings, coding, 
treeing, labeling, and sleilar tech- 
niques? 

5.1.1.3 COMPLEXITY AND »ACCIOION 

Is complexity end precision 
rsquirsd o-f control oanipulotion 
and display Monitoring consistent 
with the precision required e* the 
eysteo? 

Docs control/display cospltxlty oaten 
tht capability of the operator (1n term of 
discrimination of display detail)* or oaten 
the optrator's oinlpulatlvt capability unser 
tnt dynaalc conditions and tnvlronotnt in 
stilch huean ptrforsanct Is «xptcttd to occur? 

Figure 5.    Sample page from the MIL-STD-1472C-based checklist. 
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2 = important to the function of the IS or SS, and 
may jeopardize the overall device training 
function if the item is not satisfied; if not 
satisfied, causes some degradation in training. 

3 = critical to success in training; 1f item is 
not accounted for, the device performs at an 
unacceptable level. 

4 ■ absolutely critical to device functioning; if 
item 1s not accounted for, the device will not 
operate or fail to effect training. 

A total of 483 checklist Items was applied to the Grumman device, with 
IS and SS located on one desk. The Seville/Burtek device was evaluated on 
612 items: three sections of items were applied separately to the physically 
distinct IS and SS. For controls/display integration, 16 Items were applied 
to the Grumman device, and applied separately to the IS and SS of the 
Seville/Burtek device. For visual displays, 53 items were applied to the :• 
Grumman device, and applied separately to the IS and SS of the Seville/ 
Burtek device. The audio displays section contained 15 items, applied to 
each device. The controls section contained 60 Items applied to the Grumman 
device, and the Items were separately applied to the Seville/Burtek IS and 
SS. The remaining sections were applied once to each device: labeling, 
44 Items; ground workspace design, 9 items; design for maintainability, 61 
items; hazards and safety, 9 items; and user-computer interface, 216 items. 

Using the checklist, each question was answered for each device. All 
assessment was completed during April 1984. The Grumman device was opera- 
tional during the assessment and Information was available for 446 of the 483 
(92%) Items applied. Items where no data were available for the Grumman 
device primarily concerned the design for maintainability section. Applica- 
tion of those Items (e.g., have physical measures been taken to preclude 
improper mounting of components?) would have required review of detailed 
design specifications (which do not exist) from the device manufacturer. 
The Seville/Burtek device was not operational during the assessment, but 
information was still available for 570 of the 612 (93%) items. As with the 
Grumman device, some Items could not be applied in the design for maintain- 
ability section. In addition, no data were available for 21 of the 216 (10%) 
Items 1n the user-computer interface section (e.g., 1s a dictionary of 
abbreviations and codes available on-line?); Information would have been 
available had the device been operational. In summary, the fact that the 
Seville/Burtek device was not operational had only a minor effect on the 
data for this particular component of the human factors analysis. 

Display Analysis. The Analytic Profile System (APS) (Applied Psycho- 
log icäTSel'TTc^sTTSTo) is a paper-and-pencil instrument which may be used 
to evaluate seven characteristics or dimensions of any visual display. The 
APS is designed for use by human factors experts. The APS contains 35 Items, 
each item is a set of four statements. For each item, the expert judge 
chooses one statement that best describes the display and one statement that 
least describes the display. [As reported by Applied Psychological Services 
(1970), interrater reliability of the APS is .98; concurrent validity with 
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expert judgment is .75; predictive validity using performance occasioned by 
a display as the criterion has been shown to be .87.] 

To score the APS, the expert's selection of best and least descriptive 
statements for each of the 35 items are tallied with respect to their 
representation along each of the seven dimensions. Each dimension 1s 
represented by 40 statements equally divided among the most and least des- 
criptive statements. A most descriptive statement 1s scored +1, a least 
descriptive statement is scored -1. Scores for each dimension are then 
added. Thus, the score range for each dimension 1s -20 to +20. Generally, 
a minus score is poor, zero (0) 1s Intermediate, and a positive score 1s 
good. More precise score Interpretation requires expert judgment. 

The APS yields a score for the following dimensions: 

t Volume of material displayed, number of elements in the 
display 

• Format selection vis. a vis. lesson content 

• Signal to noise discrimination 

• Organization 

• Presentation of main vs. ancillary points 

• Overall integration and understanding 

§ Support to decision making 

For purposes of this analysis, the APS was applied to the Grumman 
device videodisc frames presenting two lessons (set up and check out of the 
VTM, the electronic box used to diagnose problems in the equipment, and 
troubleshoot the starter circuit), and applied to 12 randomly selected art- 
work displays (artist's pictures and schematics) presented on slides by the 
Seville/Burtek device. (Seville/Burtek text frames could not be evaluated 
because the device was not operational.) A qualified judge completed both 
APS applications. Test-retest reliability was .85 for the Grumman frames 
and .97 for the Seville/Burtek slides. 

Multiattribute Utilities Data. Criswell et al. (1983) surveyed four 
device experts for their quantitative ratings of ten features of the Grumman 
device and 13 features of the Seville/Burtek device. The data were sub- 
jected to a multiattribute utilities analysis which yields a total score for 
each feature reflecting the value of the feature along several dimensions 
(Swezey, 1979). Details of the analysis are presented by Criswell et al. 
(1983). In summary, three steps were taken. First, experts were asked to 
rank four dimensions on which each feature would be rated The ranks would 
become a weight (constant) for each dimension. Second, judges rated the 
device features on a scale of zero (0) (poor) to 100 (best) along each of 
the four dimensions. Additional anchors were not provided to the judges. 
Third, feature ratings were weighted using the constants derived from step 
one. The process yielded a single score for each feature which reflects 
Its composite value. 
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The four dimensions used 1n the analysis were concept behind the feature, 
Implementation or expression of concept, ease of operation of the feature, 
and motivating quality of the feature. Concept and operations were judged 
to be the most Important dimensions, followed by Implementation and motiva- 
tion. 

Table 1 presents the features of each device which were rated 1n the 
analysis. 

Table 1 

Features Rated by Judges in Criswell et al. (1983) 

Grumman Device Seville/Burtek Device 

3-D module 

Student performance record available 
in hardcopy 

Instructor CRT 

Videodisc 

Touch panel, student CRT 

Editing system for resequendng 
lesson, available to instructor 

Request help option available to 
Instructor 

Repeat lesson option available 
to student 

Mandatory instructor call after 
2 errors, required of student 

Performance feedback, message from 
computer to student during training 

3-D module 

Student performance record available 
in hardcopy 

Instructor CRT 

Slide projector unit 

Student response panel 

Editing system for resequendng 
lesson, available to instructor 

Student CRT 

Instructor control panel 

Remove/replace capability 

Random malfunction selection 

Performance feedback to student 
during training 

Troubleshoot only mode 

Sound effects 

Qualitative Comments.   Qualitative comments about device features were 
available from two sources, questionnaires and Interviews with personnel 
involved in the transfer-of-training studies (Unger et al., 1984c), and 
interviews with key personnel in the development of the AMTESS devices 
(Criswell et al., 1983).   Summaries of these previous efforts were compiled 
for use in the AMTESS human factors evaluation. 
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Unger et al. (1984c) gathered and summarized qualitative data which 
relate to a human factors analysis 1n the context of: 

• written Instructor questionnaire which included questions 
that would elicit comments about device features (e.g., 
"Why do you like or dislike the simulator?"), 

§ written trainee questionnaire which Included questions 
about specific device features (e.g., "What specific 
features of the simulator do you like or dislike?"), 
and 

• oral interviews with various knowledgeable people which 
included questions about specific device features (e.g., 
"Which features helped make the lessons Interesting to 
students?"). 

Crfswell et al. (1983) report qualitative data about device features 
gathered from structured oral interviews with contractors, device manu-  ;.- 
facturers* representatives, school (test-site) personnel, and the government. 
An example of questions which produced data relevant to the human factors 
analysis include "Why was videodisc chosen?" and "What features made this 
simulator difficult to operate?". These data were summarized and added to 
the human factors analysis data base. 

Feature Comparisons. Klein et al. (1n preparation) collected subject 
matter expert opinions about AMTESS device features while implementing a 
paper-and-penci1 training-effectiveness evaluation (called Comparison-based 
Prediction). Two subject matter experts directly compared the two AMTESS 
devices, feature by feature, and selected the device with the better feature. 
The features compared were: 3-D module, student performance record, instruc- 
tor CRT, student CRT, visual display, student response panel, editing system, 
student request help, and performance feedback during training. In addition, 
qualitative comments about device features (hardware, software, Instructional 
support, and availability) were obtained from ten school personnel who com- 
pared the AMTESS devices to actual equipment trainers, to each other, and 
to an Air Force maintenance training device (the 6883). The Klein et al. 
'in preparation) data were seen as augmenting similar data in Unger et al. 
(1984c) and Criswell et al. (1983); their data were summarized and added to 
the present analysis. 

Courseware Assessment. For purposes of this human factors analysis, 
instructional features of the courseware were grouped into three categories: 

e Features that enable the device to teach according to 
principles of learning and behavior ("Learning Principle 
Features"). 

• Features that enable the instructor to vary Instructional 
material and consequences (or feedback) presented to the 
student ("Instructor Features"). 

• Features which improve the flow of training, but which are 
not based on learning principles ("Optional, but Helpful 
Features"). 
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The first type is the most important, because without these features, teaching, 
and thus learning, will be haphazard. These features should be programmed 
into the device. The second type is next in importance -- it allows the 
instructor to intercede in training and make improvements in training over 
that which the device does automatically. Type two, instructor features, 
are really useless without learning principle features; although an instruc- 
tor might be able to override deficiencies in the instructional plan of the 
device by using emphasis features, it would be time consuming and tedious 
and would negate the benefits of a computerized training device. Finally, 
type three or "optional" features are nonessential, but they improve the 
flow of training and allow the device to perform some functions which the 
instructor would either perform manually or omit. 

Instructional features assessment of the courseware, especially 
including the first two types of features, is important in a human factors 
analysis. Issues from the last nine years in the journals, Human Factors 
and Educational Technology, were reviewed for information on courseware 
evaluation, and of the few articles found which addressed this topic (e.g.,- 
Cohen, 1983), none concerned the assessment of instructional features. This 
appears, then, to be a novel component in human factors analysis of training 
devices. A checklist was developed to assess the extent to which AMTESS 
devices included all three types of instructional features. First, features 
related to learning principles were described, and checklist items developed 
relating to each principle. It is outside the scope of this report to dis- 
cuss in detail the principles of learning and behavior. [The interested 
reader may consult Catania (1979), Powers and Osborne (1975), and Skinner 
(1968) as references on learning principles.] However, it is widely accepted 
that learning proceeds in an orderly fashion, and that effective training 
devices should be based on learning principles. In the basic learning para- 
digm, instructional material is presented, the student responds to it, and 
the device delivers a consequence to the student based on the response. A 
training device presents material, usually on a CRT, the material requires 
the student to respond (with a command such as "Enter your choice now," or 
"Connect the wire as you have learned"), the student enters a response (e.g., 
via keyboard, touch screen, 3-D module manipulation), the device checks the 
response for accuracy, and delivers the appropriate consequence (e.g., 
"That's correct," or "Try again"). Incorporated into this type of instruc- 
tional delivery system are the kinds of learning principles described below. 

Reinforcement means that the consequence delivered increases the prob- 
ability that the student's response will occur again, i.e., that the correct 
step will be taken if presented again with the same task. Examples of 
features related to reinforcement delivered by a training device include 
favorable comments on the CRT and pleasant tones. In addition, more natural 
reinforcement is derived from such things as actually finding a fault or 
successfully removing a part. The effect opposite reinforcement is punishment. 
Punishment means that the consequence delivered decreases the probability 
that the student's responses will occur again, i.e., that an incorrect 
action will not be repeated under the same circumstances. Only very mild 
punishing consequences should be delivered by the device. On a training 
device, punishment takes the form of informing the student an error has been 
made. This may be done by a message (such as "Try again"), an unpleasant 
tone, or a brief pause ("freeze"). In addition, more natural punishers are 
delivered by such things as parts that will not fit together if improperly 
aligned. 
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Learning principles concerning shaping, chaining, prompting, and fading 
should be considered in courseware evaluation. Shaping is the process of 
gradually raising the criterion for reinforcement as the student becomes 
more proficient. On a training device, shaping 1s accomplished by gradual 
increase 1n task difficulty. Chaining is the process of teaching a student 
to perform one step, followed by another step, followed by another, and so 
on until the student performs a chain of uninterrupted responses. If a 
sequence has five steps, each step is taught one at a time, then practiced 
two at a time, then three at a time, and so on until the sequence 1s per- 
formed without Interruption. In a chain, the completion of one step signals 
the next step. Reinforcement comes after the last step. Device» should 
allow for the development of chains, which are the target performances. 
Prompting and fading refer to the procedure of giving extra help to prime 
the student to respond to Instructional material. As the student learns, 
prompts are faded or gradually dropped out of the training. Prompting and 
fading may be programmed into the device, or prompts may be solicited by 
the student using a "request help" feature. 

The principle of stimulus control should be considered 1n courseware : 
assessment. Stimulus control is the process by which the student learns tö' 
perform a particular response when presented with a certain circumstance. 
A device accomplishes stimulus control by allowing for frequent practice of 
each skill taught, where reinforcement is delivered following only correct 
responses. Two related processes are stimulus and response generalization. 
Stimulus generalization is the process by which a student learns to perform 
a particular response when presented with any number of similar circumstances. 
Stimulus generalization is prerequisite to transfer of training to the actual 
equipment. A device programs generalization by presenting the same problem 
in different ways (e.g., using several different schematics and pictures to 
illustrate the same problem) and by teaching principles such as a general 
approach to troubleshooting or engine design. Response generalization 1s 
the process by which a student learns to perform several similar responses 
when presented with a certain circumstance. The device programs response 
generalization by teaching general skills such as inspecting or listening 
(for signs of equipment malfunction). 

Next, "instructor" features were listed as items on the checklist. 
Many Instructor features relate to learning principles. Also Included Is a 
"select next activity" feature which allows the instructor to select the stu- 
dent's next activity rather than taking the programmed next one in sequence. 
Other instructor features are a control for rate of presentation of material 
which allows the instructor to speed or slow pace, and a means for message 
adjustment which allows the instructor to vary the messages (feedback) pre- 
sented to students. 

Finally, "optional features" were listed as checklist items. They 
include the following helpful, but not critical features: hardcopy printout 
of student performance record where data are available on CRT, storage of 
individual student records, and a means to select variables available on the 
student performance record. 

The courseware of both devices was assessed using the instructional fea- 
tures checklist. For the Grumman device, the checklist was completed by re- 
viewing the first two Grumman lessons, a script of the Grumman videodisc frames, 
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and the Grumman instructor and student handbooks. The Seville/Burtek device 
was not operational and there 1s no script of Its text, so the checklist was 
answered based on the lesson Information contained 1n the student and instruc- 
tor handbooks. Where more information was needed about courseware for either 
device, a knowledgeable staff member was consulted. Nearly all items were 
answered for both devices. 

Readability Analysis. Each device 1s accompanied by instructor and 
student booklets. These booklets Include: Seville/Burtek Instructor's 
Guide which describes the simulator, training management, and operating 
Instructions; Seville/Burtek Student Handbook which describes the simulator, 
introduces the actual equipment, and outlines each lesson in the course; 
Grumman Instructor Handbook which describes the Instructor procedures and 
instructor options; and Grumman Student Handbook which describes the device, 
basic computer procedures, and introduces training. All documents are 
designed to be read before training begins and used as necessary during 
training. Documents of this type serve the Important function of providing 
an overall perspective on the training that will follow, and they must be 
understandable. In fact, 1n some training programs, mastery of handbook :. 
material 1s a prerequisite for progressing to the lessons. Although no 
explicit requirements (including no readability requirement) concerning 
these documents were set forth for AMTESS materials, examination of the 
documents was considered a relevant aspect of this human factors analysis 
because this analysis was to serve as a sample human factors analysis. 

Several samples from each of the four types of documents were subjected 
to a Fog readability analysis to determine the reading grade level of the 
material. To calculate the Fog Index: 

• Take a passage of about 100 words. 

• Divide the total number of words by the number of 
sentences in the passage. This is an average sentence 
length. 

• Count the words having three or more syllables. (Do 
not count proper nouns, hyphenated words, or verbs 
with suffixes.) 

• Add the average sentence length to the number of 
three syllable words. 

• Multiply this sum by .40 (four-tenths). This 1s the 
Fog Index, which 1s a quick, reasonably valid reading 
grade level for that passage. 

As noted by Sticht (1969), the reading grade level of some technical 
material may be unfairly elevated by the presence of three-syllable technical 
words which are, in fact, part of the reading vocabulary of the user. Such 
words (e.g., "carburetor") were noted in the readability analysis. 

Student Performance Record Analysis. Student performance data collected 
by the devices were not used in the AMTESS device evaluations because the 
instructors involved were not required to keep records of this kind or to 
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use the data to monitor or Improve training. Performance data used by the 
device evaluation team were designed and collected manually by the team. 
However, the devices were required to demonstrate this capability, and under 
normal circumstances, student performance data are important to a training 
course. For example, using data such as number of errors and time spent on 
a lesson, an instructor (or a computer) could decide if a student had 
mastered one lesson and was ready for the next. To make decisions about 
the overall course (e.g., is Lesson 2 associated with frequent errors, is 
Lesson 3 toe easy), the same data could be reviewed for several students. 

In general, for day-to-day decisions, minimal requirements include 
information such as name or ID number, date, time of day; lesson or step 
name; time elapsed In lesson or step; number of errors in lesson or step; 
and number correct in lesson or step. Information should be carefully 
formatted and written in understandable English for ease of use. In addition, 
summary information (including charted data) about a student's performance 
across steps or lessons is helpful for making progress decisions about any 
one student. For overall course decisions, information should be retrievable 
for groups of students by lesson (or step). Charted data 1s also helpful : 
in this regard. Because of the importance of student performance data, 
printouts of student records from both devices were assessed for their 
understandability and comprehensiveness according to standards described 
above. 

RESULTS 

MIL-STD-1472C-based Checklist 

The completed checklists comprise nearly 200 pages and are available 
in two appendixes as an Army Research Institute Research Note. A large 
number of items on the checklist were scored Not Applicable or Unknown/No 
data (132 for Grumman, 178 for Seville/Burtek). Reasons for scoring an Item 
as "unknown" were described earlier. Items receiving either of these scores 
were not included in the analysis; therefore, the analysis 1s based only on 
applicable items (the total number of items minus the number of Not Applicable 
and Unknown Items), 351 for Grumman and 434 for Seville/Burtek. 

The checklist data may be used to address the extent to which the 
devices contained features at all four levels of critlcality. Tables 2, 3, 
and 4 present this Information for both devices. Table 2 concerns features 
which are critical to the teaching function of the device, that 1s, those 
features which received a criticality score of 4 or 3. As shown in Table 2, 
only a small number (12/351 for Grumman and 18/434 for Seville/Burtek) of 
items are considered critical to device functioning. Both devices addressed 
the few critical (scored 4 on critlcality) items and all but one of the 
Items scored 3 ~ neither device provides hardcopy printout of student per- 
formance data in the event of power loss. 

Table 3 presents a list of the features which were determined to be 
critical to both devices. A feature Is considered critical if it was scored 
3 or 4 on criticality on the 1472C-based checklist. An additional feature, 
a printer for student performance data printouts was critical for the 
Grumman device because that information is not available on a CRT. It is 
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Table 2 

Number Critical Items Satisfied by Both Devices 

Grumman Device 

1472C-based Checklist 
Section 

# Items 
Scored 4 

I 
Satisfied 

# Items h 
Scored 3° 

# 
Satisfied 

Control/Display 
Integration: 

Overall 
Instructor Station 
Student Station 

0 0 1 

m 

1 

Visual Display: • 

Overal1 
Instructor Station 
Student Station 

1 1 7 7 

Audio Display 0 0 0 0 

Controls: 

Overall 
Instructor Station 
Student Station m 

• 

m —* 

Labeling 0 0 0 0 

Workspace Design 0 0 0 0 

Design for Maintainability 0 0 0 0 

Hazards and Safety 0 0 0 0 

User-Computer Interface 1 1 3 2 

aMost critical Items, scored 4 on critical1ty scale 

Second most critical Items, scored 3 on criticality scale 

CONTINUED ON NEXT PAGE 
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Table 2 

Number Critical Items Satisfied by Both Devices, Continued 

Seville/Burtek Device 

1472C-based Checklist 
Section 

# Items ' 
Scored 4a 

I 
Satisfied 

# Items h 
Scored 3D 

# 
Satisfied 

Control/Display 
Integration: 

Overall 
Instructor Station 
Student Station 

0 
0 

6 
0 

1 
1 

l" 
1 

Visual Display: • 

Overall 
Instructor Station 
Student Station 

1 
1 

i 
l 

6 
5 

6 
5 

Audio Display 0 0 0 0 

Controls: 

Overall 
Instructor Station 
Student Station 

0 
0 

0 
0 

0 
0 

0 
0 

Labeling 0 0 0 0 

Workspace Design 0 0 0 0 

Design for Maintainability 0 0 0 0 

Hazards and Safety 0 0 0 0 

User-Computer Interface 1 1 2 

Most critical Items, scored 4 on cr1t1cal1ty scale 

'Second most critical Items, scored 3 on cr1t1cal1ty scale 
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Table 3 

1472C-based Checklist Features Critical to 
the Teaching Function of Both AMTESS Devices 

CONTROL/DISPLAY INTEGRATION 

• Control-display relationships are immediately apparent. 

VISUAL DISPLAYS 

• System mode or condition is clearly displayed.3 

• Alerting/warning displays improve detection of conditions. 

• Only relevant information is displayed. ;. 

• Displayed information is as precise as necessary. 

• Displayed information is immediately usable. 

t Information remains displayed long enough to be detected. 

• Mentally translating displayed information is unnecessary. 

USER-COMPUTER INTERFACE 

• Programs and user input/output features allow users to use the 
system for its intended purpose.3 

t Programs respond quickly enough, and provide enough detailed and 
precise information to accomplish the system's purpose without 
stressing the user. 

• Hardcopy printout of student performance data is available where 
data could be lost by power Interruption (only feature not Included 
in either device). 

• Hardcopy printout of student performance data is available where 
record keeping is required. 

aThe most critical features. 
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Table 4 

Number Less Critical Items Satisfied by Both Devices 

Grumman Device 

1472C-based Checklist 
Section 

# Items ' 
Scored 2* 

# 
Satisfied 

# Items h 
Scored 1D 

# 
Satisfied 

Control/Display 
Integration: 

Overal1 
Instructor Station 
Student Station 

10 10 5 4 

Visual Display: • 

Overall 
Instructor Station 
Student Station 

12 10 27 25  ' 

Audio Display 6 5 5 4 

Controls: 

Overall 
Instructor Station 
Student Station 

Labeling 

Workspace Design 

Design for Maintainability 

Hazards and Safety 

User-Computer Interface 

0 0 

15 15 

0 0 

5 5 

1 1 

73 58 

48 37 

26 20 

9 9 

19 15 

5 3 

72 64 

important but not critical Items, scored 2 on cr1t1cal1ty scale 
bNot at all critical, may be helpful, scored 1 on cr1t1cal1ty scale 

CONTINUED ON NEXT PAGE 
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Table 4 

Number Less Critical Items Satisfied by Both Devices, Continued 

Seville/Burtek Device 

1472C-based Checklist 
Section 

# Items ' 
Scored 2■ 

# 
Satisfied 

# Items K 
Scored 1D 

# 
Satisfied 

Control/Display 
Integration: 

Overall 
Instructor Station 
Student Station 

10 
10 

10 
10 

~3 
3 

"3 
3 

Visual Display: • 

Overall 
Instructor Station 
Student Station 

14 
11 

14 
10 

20 
13 

19 
13 

Audio Display 9 9 4 3 

Controls: 

Overall 
Instructor Station 
Student Station 

0 
0 

5 
0 

39 
28 

34 
22 

Labeling 16 15 26 22 

Workspace Design 0 0 9 9 

Design for Maintainability 4 1 32 28 

Hazards and Safety 1 1 6 5 

User-Computer Interface 83 80 74 68 

aImportant but not critical items, scored 2 on cr1t1cality scale 

Not at all critical, may be helpful, scored 1 on crit1cal1ty scale 
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interesting to note that all critical features fell in only three of» the 
nine checklist sections, control/display integration, visual display, and 
user-computer i nterfaces. 

Table 4 concerns features which are not critical to device function, that 
is, those features receiving a criticality score of 2 or 1. Table 4 shows 
that most of the Items (96% for Grumman and 95% for Seville/Burtek) on the 
1472C-based checklist are less critical items. The absence of any one of 
these items does not affect the device, but the absence of combinations of 
less critical items may degrade device effectiveness. Thus, it is important 
to consider how well the devices addressed these items. 

Table 5 presents the percent of the total number of applicable items 
addressed by both devices on each checklist section. Table 5 shows that the 
Grumman device addressed most of the items applied to it. The device satis- 
fied the largest percentage of items in workspace design, visual displays, 
and control/display Integration. It scored a middle range on items related 
to labeling, design for maintainability, user-computer interface, and audio 
displays. The device addressed the fewest Items on the controls and hazards 
section. The effects of these omitted Items on the functioning of the 
Grumman device are described below. 

For visual display, two main deficiencies with the Grumman device were 
noted. One, a student CRT lockup due to student errors and/or equipment 
malfunction is not immediately apparent to the user, so the user continues 
to touch the screen to input data after touching is no longer functional. 
Two, the short CRT cables prevent improving the visual angle between screen 
and student; the screen has a hood which prevents full screen viewing unless 
the student is seated. 

The Grumman audio display (a tone or chirp) was reported to be annoying 
and too long. A more serious problem, however, is that the same tone is 
used to signal two different things: (1) look at the CRT, and (2) you have 
made an error. Two different stimuli are needed. 

The items not addressed by the Grumman device in the controls section 
of the checklist were not important, and mainly concerned the on-off lock 
apparatus and key. 

For labeling, three main problems were noted with the Grumman device. 
Some labels are obscured, some stenciled labels have quickly worn off, and 
the location of a label with respect to the part labeled is not always con- 
sistent. 

The most important deficiency seen with the maintainability design items 
is vulnerability of some Grumman cable connectors due to their exposed loca- 
tion and sensitive construction. 

The Grumman device failed to address an important safety item concerning 
the squared, sharp corners on drawers on the 2-D module, particularly the 
shin-high videodisc drawer which is left open during training. Numerous leg 
injuries (gashes, bruises) have been blamed on those corners. 
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Table 5 

Percent Applicable Items Addressed by Both Devices 

Grumman Device Sevllle/Burtek Device 

1472C Based 
Checklist 
Section 

Number 
Applicable 

Items 

Percent 
Items 

Addressed 

Number 
Applicable 

Items 

Percent 
Items 

Addressed 

Control/Display 
Integration 

Overall 
Instructor Station 
Student Station 

16 88 
14 
14 

93 
93     : 

Visual Display 

Overall 
Instructor Station 
Student Stalon 

47 91 
m 41 

30 
98 
97 

Audio Display 11 82 13 92 

Controls 

Overal1 
Instructor Station 
Student Station 

48 77 
39 
28 

82 
75 

Labeling 41 83 42 90 

Workspace Design 9 100 9 100 

Design for Maintain- 
ability 24 83 36 81 

Hazards and Safety 6 67 7 86 

User-Computer Inter- 
face 150 83 162 94 
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The user-computer Interface section contained the largest number of 
items, and many were not addressed by the Grumman device. While the items 
are not critical, they suggest areas of improvement needed in the Grumman 
device. These items include: unclear messages and codes, especially in 
the authoring system; sluggish feedback to student; no explanation about 
delays (due to computer processing speed) presented to user; no explanation 
for rejected input (from student or instructor) presented to user; and mass 
storage of student performance data needed. 

Table 5 also shows that the Seville/Burtek device, like the Grumman 
device, addressed most of the applicable, largely less critical, items. As 
shown in Table 5, all items were addressed in the workspace design section; 
visual display Ite^s were nearly all addressed. Several sections of items 
fell in a middle range: user-computer interface, control/display integra- 
tion, audio displays, labeling, and hazards. Lowest scores on percent items 
addressed were obtained for the controls and design for maintainability 
sections. No major problems occurred due to items not addressed in the 
control/display Integration, visual display, audio display, or hazards and 
safety sections of the checklist. 

For controls, on both instructor and student stations of the Seville/ 
Burtek device, use of controls (especially the required sequence of control 
use) must be taught. Control use is not obvious or clear from the perspective 
of the consoles. Control labels are unclear on the student input panel; 
the meaning of buttons labeled "test," "service," and "inspect" is unclear. 

For labeling, some improvements are needed on the Seville/Burtek device, 
particularly on parts related to device maintenance and repair. Abbrevia- 
tions are used on labels and may be accidentally removed. 

For design for maintainability, some items not addressed by the 
Seville/Burtek device were important. The device should be packaged in a 
more modular way to assist repair personnel. Some device components (e.g., 
the backplane section of the computer) are relatively Inaccessible and would 
ue difficult to repair. The large cables connecting the 2-D and 3-0 modules 
are vulnerable to damage (resulting from accidental kicking or stumbling) 
because they are unprotected and lie on the floor. 

For user-computer interface, several important items not addressed by 
the Seville/Burtek device were noted. These include: need for on-line help 
to recover from errors; need for simplified utility programs; no procedure 
available for orderly shutdown in the event of computer failure; clearer 
prompts needed; and wider range of data manipulation options needed. 

Display Analysis 

Figure 6 presents the Analytic Profile System (APS) display analysis 
scores for the Grumman videodisc displays of instructional material from 
two lessons. Taken as a whole, it appears that the Grumman display scores 
1n the intermediate range of display quality; the display is not particularly 
good or bad. It received its highest score on format reflecting that its 
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format of presentation (e.g., blue text frames, consistency in querv frames, 
consistency in feedback frames, action sequences for demonstrations) is 
appropriate, and is the strong point about the Grumman display. As suggested 
by its signal/noise discrimination score, the display also does an adequate 
job of clearly presenting the main point. 

Three aspects of the display hover around the middle quality level. 
These three aspects may merit attention in the future. One, volume of 
information presented per display is about as high as 1t can get, especially 
on the text slides. The large volume is supported well, however, by 
consistency 1n format. Two and three, the negative scores on organization 
and Integration, probably mean that the volume of information presented per 
display requires extra attention from the user to organize, read, and Inte- 
grate the information. Particularly for the text slides, short summaries 
(and reduced volume per frame) might improve the display. 

The Grumman display scored lowest on decision-making support and ordered 
relationships. The decision-making score suggests that the problems 1n 
ordered relationships affects the overall interpretation of the slides. T.be 
score on ordered relationships means that some displays caused problems for 
the viewer in perceiving relationships among displayed items. This score 
probably reflects the large amounts of words presented, especially on text 
slides. The text slides might have highlighted key points or included short 
summaries as mentioned above. 

Figure 7 presents the APS scores for the display used in Seville/Burtek 
slides. The slides contained artwork drawings and schematics of the simu- 
lated equipment. They were an adjunct to instruction, displayed only to 
clarify or emphasize. Thus, the display has a much different purpose than 
did the Grumman display evaluated. As a whole, the scores in Figure 7 
suggest that this display was of intermediate quality, not especially good 
or bad. 

The two strong points of the drawings were organization and format. 
The drawings were of two types, art and schematics, and the format of all 
slides within a type remained consistent. The positive signal/noise score 
probably reflects the artwork's clear labeling with a red arrow pointing 
to the important parts. 

Four scores were negative, suggesting improvements should be considered. 
The slides might be improved by a reduction in volume of information pre- 
sented per slide, particularly on the schematics. The negative decision- 
making score probably reflects difficulties in reading the labels on the 
schematics; the type-size used was very small. The negative score on 
integration probably reflects problems in using the detailed, cluttered 
schematics. Finally, the display scored low on ordered relations Indicating 
that the displays, especially the schematics, did not clearly distinguish 
principles from secondary relations. 
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MuJti attribute Utilities Ratings 

Table 6 presents the device features rated in Criswell et al. (1983), 
listed in descending order of composite value. Table 7 presents the rank 
order of each device feature along each dimension of value. Table 6 presents 
composite value and Table 7 presents component value. The ranks in Table 6 
reflect weighted scores and the ranks in Table 7 reflect unweighted scores. 

As described in Criswell et al. (1983), for the Grumman device, the 3-D 
module received the highest scores for design and performance. Five features 
fell in a middle range. The repeat lesson option, request help, touch panel, 
and performance feedback features were viewed as adequate in design and per- 
formance. The videodisc was viewed as highly motivating and excellent con- 
ceptually, but had some problems practically. Two features seemed in special 
need of improvement: the mandatory instructor call after two errors and 
the student performance record. The former was felt to foster dependence on 
the instructor and perhaps decrease motivation. Further, operational prob- 
lems were associated with the. feature. The student performance record was • 
seen as inadequate because so few student progress data were presented. ;_ 

For the Seville/Burtek device, the 3-D module and student performance 
record received the highest scores for design and performance. The device's 
troubleshoot only mode also received praise as a valuable and dependable 
device feature. Several features fell into a middle range. Those features 
are performance feedback, remove/replace capability, student CRT, and random 
malfunction selection. In the opinion of interviewees and experts, those 
features were designed well and performed adequately. However, two features 
were found to be especially in need of improvement. Those features were the 
student response panel and slide projector unit. In general, the opinion 
was that the design of the response panel might be improved. The main prob- 
lems with the slide projector unit were operational ones. 

The results from this earlier analysis are augmented by the results from 
qualitative data collection efforts described below. 

Qualitative Comments 

The qualitative data in Unger et al. (1984c) were reanalyzed from a 
human factors perspective. Table 8 presents a summary of qualitative comments 
related to human factors concerns made by instructors, students, and device 
experts. For the Grumman device, the videodisc, instructor pre-lesson system 
check, performance feedback to students, instructor malfunction insertion 
features, and student request help feature were seen as especially strong 
points of the device. Weaknesses of the device included: poor repair record, 
poor student performance record (only available on hardcopy), slow system 
response time, and the difficult procedures required for an instructor to 
insert and remove malfunctions. For the Seville/Burtek device, the main 
assets were seen as its flexibility, fairly good repair record, and the ease 
with which instructors insert malfunctions. Its two main liabilities were 
the complicated procedures the student had to follow to interact with the 
computer, and the low durability of parts on the 3-D module. 
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Table 6 

AMTESS Device Feature Ranks Based on Composite Multiattribute Utilities Scores 
(adapted from Criswell et al., 1983, p. 36, 46) 

Rank Grumman Device Feature Composite Feature Value 

1 
2 
3 
4 
5 
6 
7 
8 

3-D module 
Performance feedback 
Request help 
Touch panel 
Videodisc 
Repeat lesson option 
Student performance record 
Call instructor after two errors 

Most Valued 

Least Valued 

Rank Seville/Burtek Device Feature Composite Feature Value 

;•■'-•#> 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Student performance record 
3-D module 
Troubleshoot only mode 
Performance feedback 
Remove/replace capability 
Student CRT 
Random malfunction selection 
Student response panel 
Slide projector unit 

Most Valued 

Least Valued 

34 

■- -•V -' -V f   J .  .' -• •• ■• V-V -■ m.   Ü , * - ■ . *S -_5 ■ - 1J - * . 



ryv'vvv v v* - *L - yyv"»"^: v4--sv >■. --■■w--"V"-|fi -■■.- r ^    | ■« "W -_"W ~ T"Tt *-^ X '.    M ■g-g-7-g^T"7%-~ 

Table 7 

AMTESS Device Feature Ranks Based on the Four Dimensions of Value in 
the Multiattribute Utilities Analysis 

(adapted from Criswell et al., 1983, p. 40, 49) 

Dimension of Value 

Grumman Feature Concept Implementation Operation Motivation 

3-D module la 1 5 4 
Student performance 
record 3 8 6 8 

Videodisc 4 6 7 1 
Touch panel 7 3 4 2.5 . 

Request help 5 2 1 
• * 

5 

Repeat lesson option 6 5 3 6 
Mandatory instructor 
call after 2 errors 8b 7 8 7 
Performance feedback 2 4 2 2.5 

Seville/Burtek Feature Concept Implementation Operation Motivation 

3-D module 2 1 2 - 1 
Student performance 
record la 2 1 5 

Slide projector unit 7 6 9 8 
Student response 
panel 9C 8 4 9 

Student CRT 7 7 3 7 
Remove/replace 
capability 5 3 8 2 

Random malfunction 
selection 7 5 6.5 6 
Performance feedback 3 9 6.5 4 
Troubleshoot only mode 4 4 5 3 

1 = most valued 
D8 ■ least valued 
"9 «= least valued 
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Table 8 

Summary of Positive and Negative Statement' about the AMTESS Devices 
(adapted from Unger et al., 1984c) 

Grumman Device 

Positive: Respondents hold favorable opinions of the device. 
Use of high technology microelectronics and video storage. 
The device is safer than operational equipment. 
Automated features (request help, pre-lesson check, feedback, 
malfunction insertion) are valuable. 
The ability to perform troubleshooting tasks on the 3-D module 1s 
a valuable feature. 

The videodisc system 1s an effective motivating feature.    : 
Students liked features Including the 3-D module, the request help 
feature, the videodisc system, procedural1 zed lessons, and 
lessons addressing STE/ICE. 

Negative: The device frequently malfunctions. 
Lessons are difficult to edit. 
Some lessons are too simple or inappropriate. 
The student performance record is of little value. 
System response time is too slow. 
Rebooting is a poor method for restarting a lesson. 
The instructor CRT provides little valuable Information. 
Malfunction insertion is time consuming. 

Seville/Burtek Device 

Positive: Respondents hold favorable opinions of the simulator. 
Ease of inserting malfunctions is valuable. 
Performance monitoring is valuable. 
The simulator is safer than operational equipment. 
Respondents liked features Including feedback to students, 
training in procedures, and the flexibility of the slide 
projector unit. 
"Hands-on" troubleshooting 1s a highly valued device feature. 

Negative: Students were confused by the materials to which they must attend. 
The reliability and durability of the 3-D module should be 
Increased. 

Normal vibrations are sometimes registered as student error. 
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For the Seville/Burtek device, positive features included feedback to 
students and good student performance data, while improvements were suggested 
in the 3-D module and device repair record. 

Feature Comparisons 

The Klein et al. (in preparation) results from interviews with device 
experts complement the results in Criswell et al. (1983) and Unger et al. 
(1984c). Table 9 presents a summary of the findings of Klein et al. (in 
preparation) which shows that each device had its strengths and weaknesses. 
These data are the only qualitative data gathered by asking respondents to 
compare the devices to each other. Using the device preferences of the 
judges in Klein et al. (in preparation), it appears that a better AMTESS 
device could be constructed using the Grumman 3-0 module, Grumman student 
station with videodisc frames, touch panel, and on-Vine performance feedback, 
and the Seville/Burtek instructor station with its editing capabilities and 
Seville/Burtek computer. Klein et al. (1n preparation) also point out prob- 
lems with courseware and supplemental material. -. 

Klein et al. (1n preparation) also present suggestions from subject 
matter experts concerning important features which should be included In 
the design of future AMTESS devices. These include: 

• Low physical fidelity, even to the point of replacing 
3-D modules with 2-D computer graphics and videodisc 

• Touch panel for student input, located on student CRT 

• Detailed student performance monitoring, available on-line 
on instructor CRT and on- hardcopy 

• Standard, not proprietary, computer language 

t Easy to use editing system 

• Simply designed instructor station 

• 95% availability criterion 

• Thorough consideration given to lesson material which 
needs to be taught 

Courseware Instructional Features Checklist 

Table 10 presents the completed courseware -features checklist including 
all three types of features, learning principles, Instructor, and optional, 
but helpful features. The criterion applied for each item in the checklist 
is simply 1f the feature is accounted for in the device. No other criteria 
concerning feature quality, such as ease of implementation, were used. 
Table 10 shows that both devices include at least one feature, programmed 
into the computer, related to the basic learning paradigm, reinforcement, 
punishment, and response generalization, but neglect, to some extent, 
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Table 9 

Summary of Klein et al. (in preparation) AMTESS Device Feature Comparisons 

Feature Preferred 
Device 

Comments 

Hardware: 

3-D Module 
Student Performance 
Record 
Instructor CRT 
Student CRT 
Visual Display 
Computer 
Student Input Panel 
Editing 
Request Help 
Performance Feedback 
Cable Connections 

Software: 

Language 

Instructional 
material 

Instructional Support: 

Instructor training 

Access to computer 

Lesson editing 

Instructor handbook 

Availability/ 
Maintainability 

Grumman 

Sevllle/Burtek 
Sevllle/Burtek 
Grumman 
Grumman 
Sevllle/Burtek 
Grumman 
Seville/Buntek 
Grumman 
Grumman 

Grumman 

Seville/Burtek 

Sevllle/Burtek 

Sevllle/Burtek 

Grumman cables too short; 
Sevllle/Burtek cables heavy and 
unprotected 

Sevllle/Burtek language 1s pro- 
prietary 

Both need greater range of 
topics (Including use of Tech- 
nical Manual, troubleshooting 
concepts) and more complex 
topics 

Both need Improvements 

Both need Improvements 

Grumman device available only 
about half the time 
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Table 10 

Courseware Instructional Features Checklist for the AMTESS Devices 

Learning Principle Features Included in Device 
Programmed into Device Grumman Seville/Burtek 

Basic learning paradigm: 
Present material Yes Yes 
Orienting stimulus Yes No 
Student input mechanism Yes Yes 
Provide consequence con- 
tingent on response 
accuracy Yes Yes 

Reinforcement: « 

Praise messages Yes Yes 
Pleasant tones No No 
Other No No 

(natural reinforcement available on both) 

Punishment: 
Messages Yes Yes 
Unpleasant tones Yes No 
Pause Yes, locks after Yes, locks after 

2 mistakes 3 mistakes 
Other Yes, audio messages No 

Shaping: 
Gradual increase 1n 
difficulty within and 
across lessons Not assessed in Not assessed in 

depth, but yes depth, but generally 
in gaming exercises no 

Change criteria for 
reinforcement 

Chaining: 
Increase 1n number of 
steps performed before 
reinforcement is 
delivered 

Prompting: 
Extra help provided if 
student makes an error 

Fading: 
Decrease in prompts 

Stimulus control: 
Frequent practice of new 
skills 

No No 

NO 

No 

Not assessed 

No 

CONTINUED 
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No 

Not assessed 

No 
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Table 10 

Courseware Instructional Features Checklist for the AMTESS Devices, continued 

Learning Principle Features Included in Device 
Continued Grumman Seville/Burtek 

Stimulus generalization: 
Presenting same instruc- 
tional material in 
different ways Not assessed in Not assessed in 

depth, but depth, but 
generally no generally no 

Teaching of principles Yes Yes, to some extent 

Response generalization: a 

Teaching general skills Yes Yes 

Instructor Features 

Basic learning paradigm: 
Present material Yes, through Yes, through thumb- 

ing and universal wheel selection 
instructor and editing 

Provide consequence 
contingent on response 
accuracy No No 

Reinforcement: 
Praise messages Yes, through edit- Yes, through edit- 

ing ing 
Pleasant tones Yes, 

ing 
through edit- No 

Punishment: 
Messages Yes, through edit- Yes, through edit- 

ing ing 
Unpleasant tones Yes, 

ing 
through edit- No 

Pause NO No 
Shaping: 

Gradual increase in 
difficulty within 
and across lessons Yes, through exten- Not assessed, but 

sive, complex generally no 
edii ting and uni- 
versal instructor 

CONTINUED 
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Table 10 

Courseware Instructional Features Checklist for the AMTESS Devices, continued 

Instructor Features 
Continued Grumman 

Included in Device 
~~"  Seville/Burtek 

Shaping, continued: 
Change criteria for 
reinforcement 

Chaining: 
Increase in number of steps 
performed before rein-? 
forcement is delivered 

Prompting: 
Extra help provided if 
student makes an error 

Stimulus control: 
Frequent practice of 
new skills 

Stimulus generalization: 
Presenting same instruc- 
tional material in 
different ways 

Response generalization: 
Teaching general skills 

Instructor selection 
of next activity 

Instructor control rate 
of material presentation 

Cue enhancement 

Yes, through edit-  Yes, through edit- 
ing ing 

Yes, through 
extensive 
editing 

Yes, through edit- 
ing 

Yes, by repeating 
same lessons 

Not assessed in 
depth, but 
generally no 

Yes, through edit- 
ing 

Yes, by repeating 
same lessons 

Yes, through edit- Yes, through edit- 
ing 1ng 

Yes, through edit- Yes, through edit- 
ing ing 

No 

No 

No 

Yes 

No 

No 

CONTINUED 
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Table 10 

Courseware Instructional Features Checkli.; for the AMTESS Devices, continued 

Optional, but Helpful Included in Device 
Features Grumman      Seville/Burtek 

Student control rate of 
material presentation        No No 

Hardcopy printout of 
performance record 
(assuming information 
also available on CRT)       No No 

Storage of student records     Yes No 

Select variables available 
on performance record        No No 

Select variables (types of 
input) sensed by computer     No No 

Select calculations per- 
formed on student input      No No 

Data summaries available 
for groups of students       No No 

Student request extra help     Yes Yes 
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shaping, chaining, prompting, the need for repeated practice in newly 
acquired skills, and the need for various presentations of the same new 
skill. These omissions are no doubt sacrificing training effectiveness to 
an unknown (probably great) extent. 

Table 10 also shows that both devices include editing systems which 
enable the instructor to create new lessons among other things, but in 
general, the editing systems are difficult and time consuming to use. As 
mentioned earlier, if the instructor has to edit extensively to override 
what the computer presents, one main purpose of an automated training device, 
to free the instructor, is defeated. Both devices should be studied more 
in depth with respect to learning principle features; it appears both devices 
could be improved in thi* area. 

Finally, Table 10 sh ws nelthar device includes many optional features, 
but in fart, too many optional features might overcomplicate the instructor 
statior.. However, if an efficient arrangement of controls were developed, 
the devices might increase their applicability by adding optional features: • 

Readability Analysis 

Table 11 presents the results of the Fog readability analysis conducted 
on the instructor and student handbooks for both AMTESS devices. As shown 
in Table 11, the average readability of both Seville/Burtek handbooks is 
college level; the Grumman handbooks are high school level. For both devices, 
the readability of the instructor handbook is higher than the student hand- 
book. Because readability indexes are sometimes inflated due to multi- 
syllablic words which are accepted to be readable by the user group, the 
multisyllablic words in the samples were examined. It appears that the 
reading grade level of the Grumman instructor manuals is not affected by 
this to any great degree. However, the Seville/Burtek instructor guide 
score may be higher than the Grumman score because that guide contains more 
factual information about the actual equipment and, thus, more technical 
words. The same may be true for the student handbooks, although the Seville/ 
Burtek score reflects the presence of such words as "nonperformable," 
"dimensional," "configuration," and "representation." The reading grade 
levels of all four handbooks should probably be around grade 8 or 9, 
according to data presented by Sticht (1969) and Chapanls (1976) concerning 
the reading abilities of servicemen in selected occupational areas. 

Student Performance Record Analysis 

Table 12 presents an annotated sample from the Grumman student perform- 
ance record. The record is clearly identified with the student's name and 
social security number. Information 1s then given about each instructional 
segment (segments compose lessons). Information is clearly labeled and for- 
matted. Time elapsed and error scores presented for each segment are useful. 
However, another performance Index such as errors per minute, or correct steps 
minute (a commonly used and valuable Index) would probably be more useful 
than the one provided, actual elapsed time divided by expected elapsed time. 
This record could be more descriptive in providing segment names, date, and 
time of day. A delineation of the correct and incorrect steps taken would 
improve this record. 
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Table 11 

Readability Analysis of AMTESS Device Instructor and Student Handbooks 

Number of 
Samples Taken 

M" Reading 
Level 

Standard 
Deviation 

Seville/Burtek Instructor 
Guide 12 14.4 3.3 

Seville/Burtek Student 
Handbook 6 14.8 2.4 

Grumman Instructor 
Handbook 4 12.4 2.8 • 

Grumman Student Handbook 5 9.2 2.1 

Table 13 presents an annotated sample from the Seville/Burtek student 
performance record. The strength of this record is that it gives the time 
in session for each step, and for each activity within a step. Unfortunately, 
a code book is needed to translate the record, thus limiting its usefulness. 
The format needs improvements 1n spacing and clarity. The Seville/Burtek 
device does not register students by name (or other data), so Important 
Identifying data are not available on this record. (Seville/Burtek instruc- 
tors are advised to keep hand-written records of each student's performance.) 
None of the information on the record is labeled. The record contains 
irrelevant information such as port numbers. Errors are not clearly marked; 
the use of "???," "bad order," and "deviation" is not helpful as a way to 
describe the accuracy of student performance. No summary statistics, such 
as elapsed time, total errors, and total correct steps are given. The 
wording of step descriptions is poor ("Off push button to pushed" means push 
button to off position) and the last line "END OF PRINT" means that there 
are no more data to be printed concerning that student's performance on the 
exercise; "end of exercise" or "end of printout" might be clearer wording. 

Table 14 presents a summary of the results of the student performance 
record assessment for both devices. 

Device expert opinions consistently echo the theme that operational 
problems with the hardware have significantly Impaired effectiveness of 
both devices. Critical problems with maintainability were not revealed by 
the 1472C-based checklist. However, neither device can claim a repair 
record that is satisfactory for purposes of undergoing short-term experi- 
mental evaluation, much less for use in training courses [c.f., Klein et al. 
(in preparation); Unger et al. (1984b)]. 
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Table 12 

Annotated Sample of Grumman Student Performance Report 

Sample Annotation 

AMTESS Student Report 
0/1/0 0:1:54:86 

DENT, STUART 
123-45-1234 

SEGMENT 0: 
Elapsed time: 59 seconds 
Number of errors: 0 

Performance Index: 0.98 

SEGMENT 1: 

and so on 

Computer codes 
(irrelevant to report) 

Student Name 
Social Security Number 
(file name) 

Segment Number 
Time elapsed in segment 
Number errors made during the 

segment 
Elapsed time * expected elapsed 

time 

Summary of Results 

Hardware. Information concerning AMTESS device hardware comes from the 
results of several components in the analysis: the 1472C-based checklist, 
performance record analysis, the APS, and from summaries of opinion surveys 
previously administered, 'AS suggested by the 1472C-based checklist, the 
designs of both devices incorporated elements critical to performance of 
device training function. According to checklist results, however, each 
device fell short in one critical area, generation of student performance 
records in the event of power loss. Major improvements in this regard are 
necessary for the devices to become fully effective devices. The performance 
record analysis and opinion survey data add to the problems with student 
performance records of both devices. The checklist also revealed a number 
of improvements that could be made on both devices, but these changes are 
not critically needed. For example, the Grumman device gives somewhat 
sluggish feedback and the Seville/Burtek needs improved labels. 

The APS results address details of the displays used by the two devices. 
The results reveal that both the Grumman display of primary instructional 
material and the Seville/Burtek display of ancillary material are consistently 
formatted. However, both displays tend to contain too much information on 
any one presentation to be easily understood and used by an observer. 
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Table 13 

Annotated Sample of Seville/Burtek Student Performance Report 

Sample Annotation 

11 MO FILAMENT TEST 

PA Beam CB...should be off 
T Control is .402...should be .45 

00:00:00 Step 1 
00:00:28 Step 2 

00:04:38 Step 4 
00:04:42 Port 22 Power On 

00:05:46 Step 6 
00:07:28 Port 41 Off Push 

Button to Pushed... 
Bad Order 

00:07:29 Port 41 Off Push 
Button to Released 
Bad Order 

00:07:30 Port 22 Min Power 
Sw to Off...Deviation 

00:10:14 TX to Radiate Ready 

MO tuning Control is .401 
should be .450 

End of Print 

Exercise Number and Name 

30 switch setting requirements 

Time in session; step number; 
Blank space after step number 
means correct completion 

Time 1n session; Port 22 is a 
computer code location (irrele- 
vant to report); student turned 
power on; blank space after 
"power on" means correct 
completion. 

Student pushed button in, then 
released it. 
Bad Order means it should have 
been released, then pushed in; 
but this is not enough of a pro- 
blem to be called an error. 

Deviation is an error; switch 
should not have been turned off. 

Last step completed at time 10 
min* 14 sec Into lesson; student 
has pressed button on transmitter 
(TX); action caused "radiate ready" 
light to illuminate; blank space 
after Radiate Ready means action 
done correctly. 

3-D switch setting requirements 
at end of exercise. 

Exercise output completed. 

46 

•-•'■---• 



fsj-„■—*v»..., i; mv ■ v»"j ■', * '.'^ v '."" VTr*'T.*c"!T'"T,rgtTr!'\" rr"1 »" "I'-'FTfTT" V V «-"ir-f~ i_- v •"«._■ u_p '*"* IT- T-"'^- i^ 

Table 14 

Assessment of Student Performance Records for Both AMTESS Devices 

Present on Record 

Feature Grumman Devi ce   Seville/Burtek Device 

Student identification Yes No 

Date No No 

Time of day No No 

Lesson step name No Yes, but coded 

Time elapsed in lesson/ 
step Yes No, but could be extrapolated 

Number errors in lesson/ 
step Yes No, but could be extrapolated 

Other performance score Yes No 

Items labeled Yes No 

Understandable English Yes No 

Clear format Yes No 

Summary data available 
across lessons/steps No No 

Charted data available No No 

Summary data available 
across students No No 
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Software. Ease of use and flexibility of software are addressed by 
the 1472C-based checklist and by summaries of the previously collected 
opinion survey data. The 1472C-based checklist revealed some needed software 
changes. The most important changes needed concern cumbersome editing 
packages. Other changes suggested were minor. For example, the Grumman 
device should present a message explaining delays in processing (e.g., "I'm 
working now"), and the Seville/Burtek needs prompts which are more clearly 
worded. 

Courseware Features. The instructional features checklist provided the 
most Information in this area, and was supplemented by the opinion survey 
data and the performance record critique. Use of the checklist revealed the 
information that both devices present instructional sequences in accordance 
with only few learning principles. Thus, it is likely that the courseware 
of both devices could be substantially improved in this regard. As far as 
the courseware features which were Included, such as performance feedback 
and the request help feature, opinion was generally favorable. 

The analysis of student performance records coupled with opinion survey 
results indicates that both records need Improvement. Strong points of the 
Grumman record include student identification data (made possible by the 
device's strong capability to store Individual data), clear format with 
understandable English, and calculation of summary statistics. Device experts 
consistently stated, however, that the record would have been more helpful 
had it listed each step performed by the student, not just given totals for 
segments (groups of steps). The printout then was not available on-line 
during the session, but was available only at the end of a segment. The 
Seville/Burtek student record, on the other hand, was available on-line, 
step by step. However, the Seville/Burtek record was poorly formatted, not 
intelligible without a code book, did not provide summary statistics, and 
did not identify the student (because the device did not create and store 
student data files.) 

DISCUSSION 

The prototype devices have been subjected to several evaluations. 
Unger et al. (1984a, b, c) completed the transfer-of-training effectiveness 
evaluation and collected a large amount of qualitative (opinion) data con- 
cerning strengths and weaknesses of each simulator. Criswell et al. (1983) 
and Klein et al. (in preparation) have also collected opinion data on device 
strengths and weaknesses. Data collected by all three sets of investigators 
are similar in range (similar sets of about 10 general, obvious features are 
used) and depth (Include only overview issues such as "is the feature useful 
or not?"). Likes and dislikes, as expressed by government representatives, 
contractor representatives, instructors, and students, appear to be sur- 
prisingly common. The themes echoed in the three previous qualitative 
evaluations are that the devices work, the devices contain different sets 
of features from one another, neither device is better than the other, and 
that device disrepair has created enormous problems. Thus, for issues 
related to a human factors analysis, only these general qualitative findings 
were available. The present analysis sought to address different issues and 
look at the devices in greater detail than had been done previously. 
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The main concerns of this analysis were hardware, software, and instruc- 
tional features as they relate to seven topics: clear presentation of 
instruction, student-device interaction, courseware, editing, displays, 
safety, and maintainability. Analysis components were, therefore, selected 
on the basis of their pertinence to those three concerns. However, it was 
found that most components related to more than one concern, and that the 
categories, hardware, software, and Instructional features, have overlapping 
elements. The topic of display characteristics, for example, relates to 
hardware (e.g., size of CRT), software (e.g., is the display understandable, 
easy to use), and courseware features (e.g., does the display clearly present 
stimulus items, can the Instructor change the display as needed to prompt 
the student). So, while it seems reasonable to address hardware, software, 
and instructional features, it was found that the issues could not be 
addressed in neat packages. (The seven topics mentioned above were easier 
to address; see the conclusions section of this report.) 

With respect to hardware, MIL-STD-1472C contained some relevant 
"sections, although hundreds of criteria were not applicable. Some sections' 
of the checklist that we developed were useful in assessing hardware, and:.our 
checklist could become the basis of a human factors checklist for hardware 
in training devices. 

Software was also addressed by our 1472C checklist, and as with hard- 
ware, certain criteria used in our checklist might be pulled together into 
software categories and form the basis for a human factors software assess- 
ment for training devices. 

Hardware and software issues, in whatever form or organizational scheme, 
are much more frequently addressed than issues related to instructional 
design of training device courseware. Our coursewar assessment was conducted 
on a general level (compared to how detailed an instructional feature/design 
assessment could be), yet this type of assessment appears to be seldom, if 
ever, accomplished in the area of training devices. The addition of a 
sophisticated instructional design assessment for training device course- 
ware would greatly improve assessments in this area, and at the same time 
might serve as a guide for device designers. Improved training devices 
should ultimately result. 

Recommendations for future device design and human factors analyses are 
presented at the end of this report. 

CONCLUSIONS 

Data collected during the present analysis address all the questions 
the study sought to answer. 

1. Does the Device Allow for Clear Presentation of Instructional Material? 

Generally yes, but both could be improved in this regard. The Grumman 
device presents full-color text, still, and moving picture frames using a 
videodisc system. Information displayed is precise, relevant, and immediately 
usable. The text frames appear to be consistently formatted, but tend to 
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contain too much volume per frame. According to device user opinions, still 
and moving pictures heighten student interest and present important informa- 
tion clearly. The device clearly signals the student concerning what to 
respond to in the instructional sequence. Supplemental materials, the 
instructor and student handbooks, should be revised to make them easier to 
read. 

The Seville/Burtek device presents computer-generated text frames on a 
CRT, and presents 35mm slides of schematics and full-color art on a separate 
screen. The CRT frames were not examined because the device was not opera- 
tional, a limit on this analysis. The 35mm slides were found to be con- 
sistently formatted, but need improvement in legibility and a reduction in 
the volume of Information presented per slide. The text material presented 
is considered by users to be less interesting than material presented by the 
Grumman device, and students have been confused about what material to 
attend to during the instruction. The instructor and student handbooks 
should be revised to make them easier to read. 

2. How Well Do the Devices and Students Respond to Each Other? 

Generally satisfactorily, but improvements could be made. The Grumman 
device provides a touch screen for student input which had high interest 
value, but was annoying to use because the pressure and direction of the 
touch required was too specific. The request help feature on the touch 
screen made it easy for a student to review, and it was seen as a strong 
point of the device. Generally, feedback given was correct, but sometimes 
the devices registered errors unfairly. Feedback was clearly presented. 
Sometimes the Grumman device is sluggish to respond, and it is suggested 
that if response time cannot be shortened, the device should present a 
status report (e.g., "Please wait on me.") to the user. The Grumman device 
has the very strong capability to store student performance data in files. 
However, users felt that more varied performance data should be collected, 
and collected more frequently during the lesson. Users also thought it 
would be helpful to have on-line access to those data. Presently, only 
off-line access via the hardcopy printer is available. The record was 
consistently formatted and easy to understand. 

As for the Seville/Burtek device, the student enters responses on a 
push button panel. While the push button labels were found to be unclear, 
the action of the panel was considered by users to be satisfactory. More 
detailed information about responsiveness of the device was not gathered 
because the device was not operational during the analysis. Many users 
found the 3-D module to be overly sensitive to student manipulations, and 
often caused the device to score errors when errors were not made. The 
response time of the device was found to be satisfactory. In contrast to 
the capability of the Grumman device, the device gathered student performance 
data on-line, sampled every step taken by the student, reported these data 
on-line on the instructor CRT and on hardcopy, but did not store student 
data in files so off-line data retrieval is not possible. This was seen as 
a limitation of the device. Interpreting the student performance record 
required use of a code list, and the record, therefore, needs to be 
redesigned. 
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3. Is Device Courseware, or Instruction, Based on Learning Principles? 

Neither device's courseware appears to be based on important learning 
principles. Ultimately, of course, determining beneficial changes in 
instructional sequences is an empirical matter, but significant student 
performance improvements could be predicted if the courseware were modified 
to reflect learning principles. Noticeably absent from the present course- 
ware is concern for proper sequencing, introducing new material in order 
of difficulty, mastery of new material before more difficult material is 
presented, increase in the amount of practice required, and review or retest 
of previously mastered material. These courseware improvements are suggested 
on the basis of only a relatively cursory assessment of instructional features 
Included in the present analysis; a more complex assessment would probably 
be even more instructive. Both devices present instruction based on a gross 
view of instructional theory: they present material, require a student 
response, and provide feedback. A wealth of knowledge about instructional 
design is available which may be incorporated into courseware Improvements.. 

4. Do the Devices Allow the Instructor to Change the Program? 

Yes, for both devices, but for the Grumman device, editing appears to 
be more unwieldly than for the Seville/Burtek device for two reasons. One, 
the course material on the Grumman device is presented by videodisc, and 
only a few companies in the country have the capability to produce or modify 
videodiscs. Editing Seville/Burtek material may be accomplished by the 
instructor by changing a computer program and/or by replacing 35mm slides. 
Two, 1t is within the capability of an instructor using a Grumman device 
to rearrange lesson sequences and change feedback messages presented to 
students, but it is a difficult programming task. An instructor selects 
a lesson sequence on the Seville/Burtek device before every lesson by simply 
dialing in the code number of the sequences to be presented. W1thin- 
sequence changes and modification to feedback messages may also be made more 
easily than similar changes may be made on the Grumman device. 

5. Are Displays, Labels, Signals, and Controls Easy to Use or Understand? 

For critical displays, yes for both devices; for less than critical 
items, some changes may be suggested. Users have suggested that the Grumman 
device employ different signals to Indicate "pay attention to the CRT" and 
"you have made an error" rather than have the same signal serve both func- 
tions. In addition, the durability of Grumman labels could be improved. 

For the Seville/Burtek device, signals should be added that differen- 
tially call the student's attention to the presentation of material and 
feedback. In addition, labels on the student panel are ambiguous. 

6. Are Personal Safety Hazards Associated with the Device? 

Both devices provide the advantage, over training on actual equipment, 
of providing danger-free practice in maintenance tasks. No hazards were 
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reported to be associated with use of the Seville/Burtek device. A drawer 
on the instructor station of the Grumman device, however, which is normally 
extended, has shin-high squared rather than rounded corners which have 
created a safety hazard and caused leg injuries (cuts, bruises). 

7.  Are the Devices Usually in Good Working Order and Easy to Repair? 

Neither device can claim an availability record that is acceptable for 
purposes of extended device testing or use in training. Both devices should 
be more rugged. As for repairs, the Seville/Burtek device did not Incorporate 
a modular design which affords easy access to device components. In addition, 
that device employed cryptic labels on some components which might confuse 
repair personnel. 

JjVow '472 RECOMMENDATIONS 

V Future Training Device Design • 

The most important recommendation arising from the human factors ana~lysis_ 
of the AMTESS devices is that courseware design must be emphasized much more, 

-than it was ^w4ng des^n-ef^tjte, AMTESS dev4-cesr Principles of learning and 
instructional design shou44 fift viewed as the primary source of ideas for 
hardware and software device features. -Certainly r courseware and hardware 
must fit together, but courseware should not be designed around hardware 
while hardware is left free to develop independently. -New-Avenues of research 
are suggested by this recommendation because determining effects of different 
instructional procedures and sequences in courseware 1s an empirical matter. 
Studies 1n this area might include the effects of varying levels of practice 
on acquisition and retention, the effects of different chaining procedures, 
and the effects of systematic review on student performance. Retention has 
been found to be generally poorer in computer-based than in conventional 
textbook courses (Splittgerber, 1979). 7 Studies ^_this «nature-will suggest 
capabilities that should be automatically performed by the computer. — ^ ^j~ 

A second recommendation concerns a reassessment of which functions are 
automatically programmed into the computer and which functions are allocated 
to the instructor and student. The device should automatically perform 
training according to learning principles so the instructor is free to 
provide extra help. At the same time, it has been suggested that if a 
student can control the rate of material presentation, he or she may proceed 
more quickly than if the device or Instructor control rate (Splittgerber, 
1979). Again, empirical Investigations are suggested. Instructor editing 
procedures should be simplified and thoroughly documented. 

The place of the device in the total training course should be more 
carefully assessed in the future. In the case of the AMTESS devices, 
neither courseware package fit Into the courses for which they were designed. 
The role of the Instructor must be carefully considered, and decisions made 
about how the instructor, device, and supplementary materials are to be 
combined. It may be the case that the computer can perform more functions 
than it does presently, and obviate the need for handbooks. The supplementary 
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materials provided for the Grumman AMTESS device were course introductions, 
but much technical information was included in the Seville/Burtek handbooks. 
Who does what, when during the total training course must be carefully con- 
sidered. 

More careful attention should be given to displays and to the composi- 
tion of frames. The displays on both AMTESS devices tended to be too 
cluttered. The user should not have to attend to two different things at 
once. The usefulness of still and moving pictures as text replacements or 
adjuncts should be studied. 

Finally, more attention should be paid to the use of student performance 
data. Student performance data should be used to evaluate individual student 
progress, and to assess the effectiveness of the presentation material. 
Storage of individual files and data summaries should be important in course 
design. 

Future Human Factors Analyses :. 

As mentioned previously, Smode's (1972) broad definition of a human 
factors analysis includes analysis of the type conducted in the present 
study in addition to empirical training effectiveness studies. For purposes 
of this report, recommendations about empirical training effectiveness studies 
are omitted. Two general topics described below are related to this type of 
human factors analysis: when it 1s to be conducted, and what it should 
contain. First, as pointed out in Figure 4, a human factors analysis should 
be conducted as part of the FEA, and acceptance criteria at all three stages 
of device development should include human factors criteria. 

Second, it seems important to continue to include several of the analyses 
used in the present study, and to consider some additional, new assessments. 
The MIL-STD-1472C-based checklist was an important source of information 
about hardware and software. If it 1s used again, it should be reviewed to 
omit many items which were found to be not applicable. It may be desirable 
to combine related items, especially less critical ones, into one item, and 
to increase the number of items related to critical concerns. It may be 
helpful to abandon the 1472C outline, and list items on the checklist in 
descending order of criticality, which might simplify analysis of the data. 
Smode's (1972) instructor station criteria checklist, now difficult to 
use and apply because criteria are referred to only by a code number, might 
be reviewed to determine if it provides Information which would augment the 
1472C-based checklist. 

The courseware assessment with its three categories rf instructional 
features proved to be a >tery important component of the analysis. Its 
assessment of learning principles is its critical part. The checklist 
could be expanded to include instructional procedures shown to be effective 
under certain conditions, such as use of mnemonics and imagery as a 
memory aid. Full application of the checklist requires that the device be 
operational and this should be required of future analyses. 
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Display analysis 1s also an important component, and should be retained 
and expanded. The APS used in the present study addressed seven general 
qualities of a display, and was difficult to use because its jargon is 
hard to understand. Display analysis should be expanded to include criteria 
on format, paging, ease of use, and pictures based on recent work in the 
area of display (Jonassen, 1982). Readability might be enhanced under 
display analysis. 

Two new assessments may be recommended: objective evaluations of 
editing capability, and of how easily student and device respond to each 
other. Both these topics are important in assessing a device from a human 
factors perspective, and were not addressed by the present analysis as 
thoroughly as might be desirable. 

Opinion surveys should continue to occupy the minor role they played in 
the present analysis. If used, however, It is recommended that surveys 
be short and ask questions pertinent to the specific areas of professional 
expertise of the subject. For example, instructors not trained in course, 
design or learning principles should not be asked questions about those • 
areas. It is important to retain user opinion surveys on the level of 
"do you like the device and why?" (at a minimum) because user comments can 
influence design, and because user acceptance of computerized training 
devices is critical to their potential widespread use. 
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