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8.1  Overview – Over the years, HE practitioners, engineers, and psychologists in a variety of subdisciplines have developed many powerful methods to aid in HE work. This section provides information regarding a number of the methods that can be applied by HE practitioners during the system acquisition process. The focus of the section is on HE methods that are stable over time. Automated tools are not included because they typically have rapidly evolving names and features. Instead, descriptions of currently available HE tools can be found at the website for the Manpower And Training Information System (MATRIS) (http://dtica.dtic.mil/) for the DDSM (Directory of Design Support Methods).
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8.6  Human Engineering During Test and Evaluation (T&E) - To verify the human-system interface for equipment or software, to identify and resolve HE problems in system design, and to gather data for use in design of later systems, a concerted HE T&E effort must be accomplished. The general HE T&E process is described in 7.3.10.3. The following two paragraphs describe ongoing HE T&E activities and responsibilities. Methods used in accomplishing these efforts are reviewed in 8.7.
8.6.1  HE T&E Activities – The first major T&E activity is careful planning. This planning involves converting operational requirements found in the MNS and ORD into test objectives. Major objectives are often called critical operational objectives (COIs). COIs are measured by corresponding MOEs and MOPs. Development of a complete and well-planned TEMP is critical to T&E functions. Selection of representative critical versus noncritical tasks is important for identifying the priority of items for HE-related tests. Personnel who are to be used for the tests must be representative of the intended military user population in terms of skill, size, and strength. They should be wearing appropriate field garments and equipment when performing the selected tasks. Test data must be collected in an objective and complete manner. Discrepancies between required human performance and the performance actually achieved under field test conditions must be analyzed to determine whether the deficiencies are due to procedures or design. When failures occur, error analysis should isolate failures resulting from human-system incompatibilities from those due to random human error. Significant human-system-related errors are recorded on Army TIRs, Navy yellow sheets, or Air Force deficiency reports, and may result in ECPs, when appropriate.
8.6.2  HE T&E Responsibilities – During the T&E stage of system development, the HE practitioner has the following important responsibilities:

Ensure that applicable HE T&E requirements are adequately traced to operational requirements (e.g., the ORD), and that appropriate tests for these items are planned and appropriately accomplished;
Ensure that important aspects of HE performance are scheduled for adequate testing in time to impact system design decisions;

Demonstrate conformance of the HE aspects of system design to the system, equipment, and facility design and performance criteria where the operator, maintainer, or supporter is a significant part of such system performance;

Ensure that quantitative measures of system performance are used to test human interaction with equipment;

Validate human performance requirements;

Determine if undesirable design or procedural aspects have been introduced.
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8.7  Human Engineering Test and Evaluation Methods - Many of the most frequently used T&E methods are presented in the following paragraphs. In addition to these T&E methods, some of the analysis or design and development methods described in 8.3 and 8.5 may also be used to assist with T&E tasks. One important analysis method that is often used in T&E is workload analysis. As is the case with analysis and design methods, only a few of the T&E methods would be used for a given program. Table XIII compares the various T&E methods along several dimensions. Table XIV shows typical applications for the data obtained from their use.
8.7.1  Continuous Direct Observation - Continuous direct observation is simply the process of taking a relatively continuous record of a task or work activity or some other component of the test program. This observation activity provides the HE practitioner with data regarding the system design that has been collected in a real-world environment.  Such data afford insight into system flaws and strengths and provide evidence and justification for system modification proposals.

8.7.1.1  Description - In continuous direct observation, an observer may keep a running log or description of the test activity as the observer understands it.  The data may be recorded by hand, or one of the more sophisticated methods or tools may be used for recording events and times.  Automatic recording methods such as still photography, movies, sound recording, or video recording may also be used in conjunction with direct observation. 

8.7.1.2  Procedure - The observer should be skilled at discriminating what significant events occur during the test and should be competent in the operation of the equipment used (e.g., zoom lens, boom mike, etc.). Significant events should be summarized and interpreted for later action. The observer must be familiar with the anticipated human-machine system performance. Test participants will be observed while they are using either mockups or actual hardware. The observer should be particularly interested in obtaining data on operator task performance times and errors. Data regarding the observer's estimates of participants’ training, skills, and numbers of personnel should also be recorded. Life-support, safety, and hardware design criteria may also be observed. Since the direct observation method relies on the use of mockups or hardware, the most appropriate time to employ this method is after the system concept has evolved sufficiently to the point that three-dimensional mockups are available.

8.7.1.3  Use - Observation is one of the most common methods of evaluating personnel and system performance. It is used to some extent in some form in all T&E. Despite the increasing use of automatic recording devices, the requirement for direct observation will never be completely eliminated. Observation may be used on any portion of a total system, a subsystem, or system components. It is useful for T&E of both single task performance and the simultaneous operation of several tasks by several test participants. It is simple to perform in comparison with other T&E methods. During the conduct of the test, it is possible for the observer to do more than simply record test occurrences. The observer may evaluate test data to make possible recommendations or suggest test action items. If direct continuous observation is not used, there is a risk of missing an overall impression of the test as well as random test events or details. Some applications for continuous direct observation are shown in Table XIV.

8.7.1.4  Comparison to Other Methods - Table XIII provides a comparison between this method and other T&E methods. One of the disadvantages of using this method is the need for specialized observers for each different aspect or category of the test. It is seldom possible for a single observer to learn enough about all aspects of the system to do an adequate job of observing all system tests. The use of continuous observation implies that some periods of test observation are not productive in terms of gathering HE T&E data. 
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8.7.2  Sampled Direct Observation - This method is identical to continuous direct observation except that the HE practitioner observing the test spends less time.  With sampled direct observation, the observer collects data only during the times that critical system functions are being performed.  This method is valuable to the HE practitioner for the same reasons that direct continuous observation is valuable.  Although less observer time is required during data collection with sampled observation, the fidelity of the data is not as high as with continuous observation.  Nevertheless, in situations where time is at a premium or there are long periods of relative system inactivity, direct sampled observation can be a useful method.

8.7.2.1  Description - In sampled direct observation, the particular times chosen to perform the observation should, of course, coincide with the times during which critical or problematic tasks are being performed. Task analysis can assist in identifying critical and problematic tasks.  If current system task analysis data are not available, critical and problem tasks can also be identified using the system analysis for the program's predecessor system.  If the critical tasks cannot be determined by either method, then a “best guess” sampling technique (choosing sample periods based on suspected problem areas identified from the predecessor system) may be used. 

8.7.2.2  Use - The uses of sampled observation are similar to those for continuous observation.  The differences between the two relate to cost savings and the risk of missing significant T&E data. It stands to reason that, if tests are not observed continuously, test observers may be used to carry out other HE T&E tasks on other tests or perform data reduction and evaluation for previously conducted tests. The number of personnel required to perform HE T&E may be cut by a factor of one-half or more. The disadvantage of the sampling method is that there is a risk of missing important operator performance data or other important HE-related data. If critical tasks cannot be predetermined, test sampling should be performed with relative frequency. Each basic category or type of operator/equipment task should be observed several times to prevent skewed data. Table XIV shows some general areas of application for sampled direct observation.

8.7.2.3  Comparison to Other Methods - Table XIII compares sampled direct observation and other T&E methods.

Return to Top
8.7.3  Specification Compliance Summary Sheet - The specification compliance summary sheet is a form used to verify that system performance is in accordance with specified system and human performance requirements, and HE design criteria.  This method is useful because it gives the HE practitioner a means of quantifying noncompliance problems.  Specification compliance summary sheets are an excellent means of quantifying and documenting customer expectations for the system.

8.7.3.1  Description - Briefly, the total process of verifying compliance with human performance and HE specifications is as follows: (a) decide the best method to use in verifying the specification requirement (i.e., analysis, demonstration, inspection, measurement); (b) perform the analysis test; and  (c) document the results. In all cases, reports are written describing the analysis or test results. The specification compliance summary sheet is a way of summarizing the compliance or lack of compliance with requirements.

8.7.3.2  Procedure - The HE practitioner/evaluator first needs to have a thorough knowledge of all HE aspects of the contract statement of work and the accompanying system specifications. In particular, the practitioner should understand the specification Section 4 requirements (quality assurance/testing).

8.7.3.3  Use - This method is used by only a few HE T&E organizations. However, this lack of use is not an indication of a lack of need for this type of evaluation. The contract and related system specifications are by far the most important program requirements. This method is unique in that it zeroes in on these important requirements, rather than concerning itself with T&E of indirect system requirements. Some of the applications for which this method can be used are listed in Table XIV.

8.7.3.4  Comparison to Other Methods - Table XIII shows a comparison of this method to other T&E methods. The specification compliance summary sheet is an excellent way to verify the specification requirements. The only disadvantage associated with the use of this form is the large amount of time required to fill it out. The effort preceding the use of this form may be considerable, but that effort is part of the already existing HE T&E program. If this method is not used, there is a risk that some important aspect of HE design criteria may be overlooked both by designers and by test observers.

TABLE XIII.  T&E methods selection chart.
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TABLE XIV.  Application areas for T&E methods.
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8.7.4  Technical Manual Functional Evaluation - As its title indicates, this method is designed to evaluate technical manuals or publications pertaining to the test.  This method ensures the HE practitioner that the technical manual or publication meets the criteria established for it.  Since technical manuals are critical for effective system operation and maintenance, and since they are a prime tool for the operator and maintainer, it is critical for HE to determine if they describe procedures in a way that enables the user to comprehend clearly what is to be accomplished.  

8.7.4.1  Description - In this method, test observers complete a form assessing the technical manual while they are performing their other direct observations of the test.  This form evaluates the usefulness and adequacy of the technical publication in the following three areas:

· Job instructions,

· Training, and

· Job performance aids.

Job instructions describe how to accomplish a task by providing step-by-step procedures along with the necessary illustrative drawings. Most technical publications that require validation or verification provide support for training. There are three major types of job performance aids:

· Job guides xe "Job:Guides"(including inspection guideline manuals). These guides contain instructions for fixed-procedure tasks such as checkout, adjustment, removal, and replacement.

· Fully proceduralized troubleshooting aids spell out the steps to follow in isolating malfunctions to a replaceable or repairable unit. The steps start with observable symptoms of malfunction.

· Troubleshooting decision aids provide xe "Troubleshooting aids"diagrammatic and supporting textual information that will help the technician decide what steps to take in isolating malfunctions to a replaceable or repairable unit.

The sample evaluation form shown in Figure 32 is structured so that the first three questions in the evaluation section require two judgments: one regarding how the section being evaluated can be classified and the other regarding its adequacy. The two questions are to be answered by the test evaluator or observer, as well as by the test participants. The remaining questions (4 through 7) deal with the qualitative characteristics of the technical manual.

8.7.4.2  Procedure - Most sections of the form are self-explanatory; however, the sections listed below should be completed as indicated: 

· Evaluator: Identify the individual(s) interviewed or those contributing to the evaluation.

· Paragraphs or sections evaluated: List only those paragraphs for which the evaluation applies. In some cases, paragraphs can be grouped in large blocks. 

· However, there will be some cases where several separate forms will have to be completed.

· Publication verification personnel requirements: When verification is performed, the name and rank or paygrade as well as skill specialty code (SSC) of the participants is required.

Prior to conducting this type of evaluation, the observer or evaluator must have knowledge of the technical manual to be evaluated. The evaluator must also be familiar with estimated system and operator/maintainer performance. The total technical manual functional evaluation process will result in either verification of the technical data or revisions or recommendations for new technical data. These revisions will be coordinated with the publications writers.

8.7.4.3  Use - Depending on the scope or charter of the HE T&E effort, technical manual evaluation may or may not be performed. If it is performed (by HE practitioners), it may be accomplished at any time during the evaluation of an evolving system (as opposed to a future or existing system). The effort required to perform this evaluation is relatively low. Failure to perform the evaluation can result in maintenance and operational mistakes that would otherwise have been avoided. The cost to perform the evaluation must be considered relatively low, particularly compared to the potential cost of the mistakes. General areas of application for technical manual functional evaluation are listed in Table XIV.

8.7.4.4  Comparison to Other Methods - Table XIII shows a comparison between technical manual functional evaluation and other T&E methods.
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8.7.5  Human Factors Engineering Data Guide for Evaluation (HEDGE) - HEDGE is a comprehensive T&E procedural manual that can also be used as a T&E method.  HEDGE provides the HE practitioner with explanations of methods and sample checklists for evaluating system design and performance.

8.7.5.1  Description - HEDGE is designed to assist the HE practitioner in the areas of test plan preparation, test conduct, test data evaluation and analysis, and test report preparation. HEDGE consists of two documents: the first contains detailed HE test data; the second is a guide book supplement that provides specific HE design criteria. HEDGE is fully described in the technical report of the same title issued by the U.S. Army Test and Evaluation Command (Carlow Associates, 1990).  HEDGE has also been automated (see MATRIS web page for details).
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FIGURE 32.  Technical manual functional evaluation form (sample).
8.7.5.2  Procedure - The procedure for using HEDGE is a five-step process that is well detailed on the first few pages of the HEDGE manual. The first step is to classify the test item as a vehicle, weapon, electronics, etc. The second step is to identify both the user functions and user tasks related to this type of equipment; in other words, to determine what to evaluate and which criteria to use in the evaluation tests. The third step is to decide what HE considerations and what item components are relevant. The test observer should review the task list and test item design description to identify which of the test item components presented in the matrix apply to the item under test, and which HE considerations are important. The fourth step is to use the matrix to locate the exact test criteria for the identified HE considerations and task item components. The last step is to prepare the HE test plan, which includes an objective (taken from HEDGE), criteria (taken from HEDGE), and methodology (taken from the HEDGE Supplement). The data required also are provided in both the HEDGE and HEDGE Supplement.  It is recommended that the test observer be thoroughly familiar with the HEDGE contents before starting this procedure. The end products of the effort should be both an itemized listing of all items with HE-related deficiencies and a general feeling regarding operator acceptance of the hardware item.

8.7.5.3  Use - HEDGE may be used on any program at any time during program evolution. HEDGE is especially valuable because it provides both the basis on which to build an HE checklist and procedures for completing all the rest of the necessary HE T&E planning and test execution. As indicated in Table XIV, HEDGE has broad applicability. No special test equipment is required to employ this method, and it will be useful for any military system. If HEDGE is not used, appropriate HE test planning must be based on other, less coordinated resources. 

8.7.5.4  Comparison to other methods - Table XIII compares HEDGE to other T&E methods. 
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8.7.6  Environment and Engineering Measurement Equipment - Several items of T&E equipment are useful to the HE practitioner/test observer. A few of these measuring devices are described in individual paragraphs, but most are included here. Many of these measuring devices require calibration, and care should be taken to ensure that the equipment has an up-to-date certification of its measurement capabilities. In addition, many adjustments or calibrations are required in the field, and users should be familiar with the operation of the specific instrument before trying to collect actual test data. The following subparagraphs list and define each item of HE test equipment and provide a brief description of their use:

a. Photometer. Measures ambient illumination over a range of levels from approximately .005 to 25,000 footcandles. This is an extremely useful tool. It is particularly valuable for verifying specification compliance with light-level requirements. Sophisticated mockups or prototype equipment or facilities are required for its proper use. Most photometers are relatively easy to use.

b. Spot Brightness Meter. Measures the brightness of a small area in footlamberts within angles of approximately one degree or less. This tool is most useful for measuring prototype hardware display brightness, such as from LEDs or CRTs. Specification compliance may be verified with the spot brightness meter.

c. Sound Level Meter and Analyzer. Measures steady-state sound in the approximate range of 10 to 150 decibels for standard weighted noise curves. The analyzer provides octave-band analysis for the more critical speech-range center frequencies. Specification compliance in terms of noise curves and speech interference levels may be verified with this equipment. Possible hazards to test personnel may be checked to avoid exposure to excessive sound levels. Most sound level meters are relatively easy to use.

d. Vibration Meter and Analyzer. Measures amplitude and frequency components of complex vibrations. Analyzer may be used to determine amplitudes at selectable frequency bands in a range from 2.5 Hertz to 25 kilohertz. Potential vibration hazards to test participants may be checked before actual test exposure. Specification compliance may also be verified.

e. Thermometer. Measures air, surface, or liquid temperature. May provide a digital readout in either Celsius (centigrade) or Fahrenheit. Should include capability for attachment to several temperature sensor probes.

f. Anemometer. Measures local airflow in the range of 0 to 1000 feet per minute. This device is most useful for determining crew comfort conditions.

g. Hygrometer or Psychrometer. Measures relative humidity by wet and dry bulb thermometer method. This device is also very useful for determining crew comfort conditions.

h. Gas Tester. Permits convenient short-term sampling and evaluation of many toxic gases, vapors, and fumes.

i. Force, Torque, and Dimension Kit. Various instruments for measuring a wide variety of operator or equipment forces, torques, and distances. The force measurement limits should be from 1/4 ounce to 250 pounds. Torque measurement should range from 1/2 inch-pound to 160 foot-pounds. A tape measure should be capable of measuring distances up to 50 feet. Scales should also allow measurement in centimeters, millimeters, inches, and fractions of inches. A protractor is useful for angular measurement.

j. Anthropometry Instrument Kit. Allows measurement of significant body dimensions using the anthropometer, spreading calipers, sliding calipers, goniometer, and tape measure. The measurement of test participants is critical to the evaluation of workspace layouts, particularly when egress and ingress are important considerations. Care should be taken to ensure that proper measurement procedures are followed when obtaining participant anthropometric data.
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8.7.7  System Records Review - This method utilizes existing system evaluation records for HE analysis and review.  The method is particularly useful to the HE practitioner when the system is not located nearby or access to the system is not possible.  It also has the advantage of permitting a “blind” or objective evaluation.

8.7.7.1  Description - A number of typical T&E program records exist that HE practitioners may find useful to review. This method is unique, since during system records review, there is normally no direct contact between the test evaluator and the test participants.  Analytic skills are needed to identify HE issues and trends from the evaluation records of the system.  

8.7.7.2  Procedure - The HE practitioner needs only to obtain permission to review the existing test records or other system data, then they can perform the sometimes tedious task of looking through them. The HE practitioner should, of course, have some knowledge of the system to know what to look for in terms of anticipated human performance. Typically, system records will contain test logs, maintenance records, and debriefing records. The HE practitioner may find data on equipment operation problems, technical publication inadequacies, human-initiated errors, and training inadequacies.

8.7.7.3  Use - This method is best used for gathering human-system performance data. Because the HE practitioner does not actually observe the test, it is doubtful that an adequate evaluation can reliably be made just by reading a verbal description of what occurred. Human performance tests may have to be scheduled to allow for formal observation by HE practitioners. Table XIV shows several applications for this method.

8.7.7.4  Comparison to Other Methods - Table XIII provides a comparison between this method and other T&E methods. The problem with a review of test records is that they tend not to be designed for gathering HE data. What the practitioner is able to obtain from these records may be misleading. There is significant risk that HE problems that would be readily apparent in direct observation will be unobserved or obscured by other, less important test data. To enhance the value of system records review, the personnel who create these records should be instructed in the value of HE and HE T&E. It is generally agreed that the use of this method is not typically required. It is recommended that it be performed only when direct HE observation is not possible. The debriefing records should be the most useful of all the system records normally available.
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8.7.8  Test Participant History Record - This is not a direct test method but rather a method of ensuring the quality and integrity of the T&E process. In this “method,” a form or questionnaire is used to obtain background information on test participants that could be useful in interpreting their performance on the test. It is critical that test subjects are representative of the user population, and this “method” helps document and ensure that participants are, indeed, representative, or to determine that a personnel variable might account for any variance in human-system performance.  

8.7.8.1  Description - The test participant history record form is used to collect data on personnel just prior to participating in the tests, if possible. Otherwise, the form may be completed as part of the post-test interview. The sample form shown in Figure 33 emphasizes the participant’s training, experience in systems similar to the one being tested, and participation in previous testing related to the same overall system presently being tested. The form may need to be modified to suit the needs of the particular test situation. 

8.7.8.2  Use - In collecting and reporting human subject test data, HE practitioners must comply with the applicable regulations regarding informed consent, privacy, and related requirements. They must ensure that the identity of the subject will not be made available to the public without the subject’s consent. The purpose of this form is to aid in evaluating the test data obtained. For example, if the test participant has had little or no experience in performing tasks similar to the ones he or she performs on the current test, and the participant does very well, then the examiner can conclude that the human-system interface being tested has been well designed and developed. If, on the other hand, the participant’s performance is poor, the problem may or may not be due to poor human-system interface design. A more experienced test participant will have to be given the same tasks to perform.  The time and effort required to complete the form is small. The potential value of having the test participant's significant history is large. General application areas for test participant history records are shown in Table XIII.

8.7.8.3  Comparison to Other Methods - Table XIII provides a comparison between this method and other T&E methods.
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8.7.9  Interview - In the HE T&E interview method, the HE test evaluator simply discusses the test events with the participant in a structured interview. The interview can reveal system inadequacies, which in turn can help the HE practitioner understand critical system design areas and target them for modification.

8.7.9.1  Description - The interview should be structured to ensure that the most information is obtained in the least amount of time. Specific variations on the general interview method may be useful for particular situations. For example, considerable test evaluation data may be obtained from training instructors. They are particularly knowledgeable about the problems students encounter in learning and operating new systems because of inadequacies in system design.
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7.  Height.____________________________     8. Weight_______________      9. Date of birth  

                                

    

  

10.  Length of service

___________years, ________________months

11.  Civiian Education: (a) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (circle number of years)

b. Major area  (if applicable):____________________________

B.  

To be completed for each participant by test control:

12.  Physical Profile:

P

U

L

H

E

S

13. 

Aptitude Scores:

(a) CO   _____

(b) FA _____

(c)  EL    _____

(d) OF   _____

(e) GM _____

(f)  MM _____

(g) CL _____

(h)  ST    _____

(i)  GT   _____

(j)  SC   _____

(k) El    _____

(I)  Gl   _____

(m) Cl    _____

(n) AD  _____

(o) SK  _____

(p) Tl    _____

(q) Al  _____

(r)  AP    _____

(s)  PA   _____

(t) MK  _____

(u) WK _____

(v) AR _____

(w) MC  _____

14.  Latest SSC test score:  

                    

                                

                                



                                

                                



  

15.  End

-of

-training test score:  

             

                                

                                



                                

                                



  

16.  Minimum performance (a) required: _______________  (b)  attained:  

        

                                

                                



  

17.  List of military schools and courses completed: 

                                

            

                                

                                



  


FIGURE 33.  Personnel data form (sample). 

8.7.9.2  Procedure
8.7.9.2.1  General Interviewing Procedure - The first step in conducting the interview is to develop a format for asking questions of the participants (interviewees). The format may be structured like a checklist to ensure that all pertinent aspects of the test are considered. The second step is to select an interviewer who has had experience with the system being evaluated. It is important for the interviewer to have observed the actual test. The next step is to arrange a time to conduct the interview with the test participant. The following general guidance is applicable to interviews.

a.  The interviewee should be questioned about the task performed. The interviewee should describe what he or she thinks the test task consists of in terms his or her duties and those of others. The interviewee’s perceptions and opinions of the adequacy of the equipment, technical data, logistics, and preparatory training should be obtained.

b. The interview should be conducted as soon as practical after the actual test, ideally within a few hours. To avoid group influences, the interviewer should conduct the interview one on one with a single test participant, if possible, rather than questioning several participants at once. The location selected for the interview should be relatively quiet with a minimum of distractions. The interview should be completed in less than half an hour. Interviews that last longer than this may start to become boring and become an imposition on the interviewee.

c. The HE interviewer must ensure that what is documented are the interviewee's actual opinions on the test situations and not the interviewer’s opinion or what the interviewee thinks the interviewer wants to hear. Participants must be ensured that they are not being graded in any way on their responses. The HE interviewer should try to quickly develop rapport with participants. If the participant agrees, a tape recording may be made of the interview. However, even when participants agree, some individuals tend to be intimidated by the use of tape recordings, so caution must be used in this regard.

8.7.9.2.2  Critical Incident Method  Another type of interview method is the critical incident method. The critical incident method consists of a set of procedures for collecting observations of human behavior in a way that facilitates their potential usefulness in solving practical problems. A critical incident is any observable human activity whose purpose and serious effects seem clear to the observer. The five-step procedure can be summarized as follows: 

1. determine the general purpose of the activity;

2. develop plans for collecting data on incidents involving the activity and draft instructions to the individuals who are to report their observations;

3. collect relevant objective data;

4. analyze the data; and

5. interpret the data and compare the activity to the statement of requirements.

Gathering the series of incidents consists of inquiry as to the most effective or ineffective behavior (or critical incident) for specified activities or jobs. Although information on the incidents may be collected through interviews, it may also be obtained by written responses.  The end product of the interview is a quantity of data (facts, perceptions, and opinions) to be reviewed and evaluated to identify system successes and problems, and present recommendations.  

8.7.9.3  Use - The interview is one of the most important evaluation methods used. It is simple, inexpensive, and fast, and provides considerable flexibility. For every test, there is a certain amount of test data that cannot be obtained through normal observation. Interviews with test participants draw directly on this type of data and on the knowledge of the system experts presently available. Interviews do not require the use of test facilities. They may be conducted at a location remote from the test site. Table XIV shows several applications for the interview method. The following may be of help in conducting interviews.


a. The purpose of an interview is to uncover either objective facts related to the system about which the interviewee has some knowledge, or subjective information, such as perceptions, attitudes, or opinions about how the interviewee feels about some test aspect. The interview must be designed to obtain this information with as much clarity and accuracy as possible.


b. The interview achieves its greatest value from the relationship established between the interviewer and the respondent. In a properly conducted interview, where a genuine rapport is established between the interviewer and the interviewee, it is possible to obtain more detailed and reliable data than from a self-administered questionnaire.


c. One caution regarding the use of interviews is the possibility of bias on the part of the interviewer or interviewee. Ideally, during the interview, the interviewee will supply accurate information to the interviewer. However, bias can alter the results to such an extent that the answers are of little or no value in the final analysis. Also, the interviewer must be aware that, when a test participant becomes frustrated or pleased with one part of the system, the participant may develop a negative or positive feeling toward other parts of the system.  This is termed the “halo effect.” The best way to deal with potential halo effects is to ask factual questions and follow up on generalities. The interviewer may also bias the interview by tone of voice, by the way in which the questions are phrased, or even by facial expressions or other body language. These and other sources of bias can be greatly reduced through recognition of the problem and by proper training and experience.


d. Another caution regarding the use of interviews is that they cannot serve as a substitute for direct test observation. They should be used as one of several HE T&E methods. 

8.7.9.4  Comparison to Other Methods - Table XIII compares the interview method to other T&E methods.
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8.7.10  Questionnaire - The basic tool for obtaining subjective data is the questionnaire. Questionnaires provide a structured means of collecting information from system users.  They usually consist of specific questions about the performance of the system and human interface.  Of all the subjective methods, the questionnaire is the most frequently used and is invaluable in the expedient collection of HE data.

8.7.10.1  Description - The questionnaire provides a structured method for asking a series of predetermined questions to obtain measurable expressions of attitudes, preferences, and opinions.  Skill and experience are required to design a questionnaire that will produce valid and reliable results.  Unfortunately, questionnaire design and construction cannot be learned from books alone, since the requirements for each test vary somewhat and present new challenges.  However, there are certain rules and principles of questionnaire design aimed at helping users avoid some of the more common pitfalls, such as faulty questions and inadequate instructions. The following paragraphs are intended to provide guidance in planning, designing, and administering questionnaires. Additional information on constructing and using questionnaires may be found in Babbit & Nystrom (1989), Sinclair (1990), Charlton (1993), and AFOTEC (1994). Information on computing the optimal sample size is presented in Krejcie & Morgan (1997).

8.7.10.2  Procedure - The method of questionnaire design applicable to the types of tests conducted by HE T&E personnel involves seven logical steps.

1. Preliminary planning (e.g., determining data needed, administration strategy, anticipated suspense dates, and type of analysis required)

2. Selection of question type

3. Wording of individual questions

4. Construction of the overall questionnaire

5. Pretesting

6. Questionnaire administration

7. Quantification and analysis of questionnaire data

Questionnaire preparation requires great care and a background knowledge of the system to be evaluated. The examiner must also be knowledgeable about the background of the personnel to whom the questionnaire will be administered, and the way in which the results will be analyzed. Too often a questionnaire is prepared with insufficient planning.  The problems involved and the weaknesses in the design are frequently not recognized until the results are interpreted.

8.7.10.2.1  Question type - There are three basic types of question used in questionnaires: open-ended, closed-ended, and a combination of the two. Each type has several variants that are described in Table XV. No single question type is superior to the others in all cases. To select one type over another, the questionnaire designer must be aware of the merits and drawbacks of each and choose the type that best meets the needs of the particular test situation.

8.7.10.2.2  Wording - The most important, and also the most difficult, aspect of questionnaire construction is wording the questions. Most authorities agree that faulty or inappropriate question wording is the greatest source of error in the use of questionnaires. Misunderstanding and misinterpretation of questions by test participants often cause errors and distortions in the resulting data.  Such misunderstanding is frequently due to improper vocabulary or ambiguous phrasing. 

8.7.10.2.3  Other Aspects - In addition to selecting the type of question and wording the questions properly, the questionnaire designer must also consider question sequence, presentation format, and data collection issues. All questions must be checked to ensure complete and accurate coverage of all data required by the test objectives and test critical issues.

8.7.10.2.4  Pretest - A questionnaire must not be assumed to be perfected until it has undergone a pretest. The pretest provides an opportunity to try out the questionnaire on a small sample of respondents who can give feedback on their interpretation of the items. The result of this trial may then be used to make revisions and improvements as necessary before test administration. The pretest provides the final, validating step in questionnaire construction.

8.7.10.3  Use - A questionnaire is a subjective measurement tool for systematically eliciting perceptions or attitudes from selected personnel. The function of the questionnaire is to organize feedback from test subjects regarding the tested system. When properly designed, the questionnaire also aids in the tabulation of data and analysis of results. The questionnaire is used to assess a wide variety of qualitative variables such as acceptance, ease of use, and preference. It may be administered to small groups of technical personnel, such as those involved in highly controlled engineering tests, or to larger representative cross-sections of service personnel. Table XIV shows some of the applications for questionnaires. The following should be considered in the use of this method: 

a. Knowledge of individual or group perceptions or attitudes can provide valuable information regarding reactions to, feelings about, and preferences toward military systems. Questionnaire responses from a representative sample of the user population permit a reliable estimate of group reactions to systems in use. These results also may be used to anticipate and thereby avoid future developmental problems.

b. The questionnaire is appropriate for use in all types of tests. It should be used to obtain subjective data when objective measurement is not feasible and when qualitative data are needed to supplement objective measurements. It may be used to augment direct observation by collecting information on the perceptions of a wider group of personnel interacting with the system than can be personally observed by the HE tester.  This representative sample can alert the HE practitioner to emerging problems so that the practitioner can focus on observing critical problem areas.  However, the questionnaire should not be used in place of direct observation methods if observation is possible.

TABLE XV.  Question types and response strategies.

	Question Type
	Response 
Strategy
	Sample Question

	Open
	Fill in blank
	Your Skill Specialty Code is ____________

	
	Free Response
	In your own words, describe problems encountered in operating System A during the _____ mission phase.

	Closed
	Force Choice,

Binary Option
	Was the display helpful to understanding your situation? (Circle your choice)        YES      NO



	
	Forced Choice,
Multiple Option
	Circle the most appropriate response from the following:  

a.  . . .

b.  . . .

c.  . . .

d.  . . .

	
	Selection
	Check (() all avionics subsystems that you have maintained for more than one year.

(
Fire control

(
Electronic countermeasures

(
Navigation

(
. . .

	
	Ranking
	Rank the following proposed features of the system by their importance to mission accomplishment. (Assign 1 to the most important and 5 to the least important.  Assign a different number to each option.)

RANK   Feature

___
a.  . . .

___
b.  . . .

___
c.  . . .

___
d.  . . .

___
e.  . . .



	
	Rating
	Rate your overall opinion of the system performance during this field exercise.

|----------------|------------|------------|--------------|

Strongly   Dislike    Neutral       Like        Strongly

 Dislike                                                       Like

	Combined
	Use any of the above “closed” categories with an open-ended response
	Was the display helpful to understanding your situation? (Circle your choice)        YES      NO

Explain:________________________________________________________________________________________




c.  One disadvantage of using questionnaires is that test participants may not respond in writing to the same extent they would in an oral response during an interview. The effort required to write responses to open-ended questions is greater than the effort required to talk. Another disadvantage of the questionnaire, compared to the interview, is the inability of the HE practitioner to pursue through follow-up questions a participant response that is unexpected but might prove fruitful.

d.  One of the most difficult problems to overcome in questionnaire design is the misunderstanding about what a questionnaire is and how it should be used. Some believe that anyone who can write reasonably well and who uses a little common sense can construct a good questionnaire. The seriousness of this faulty assumption can be seen from the fact that an improperly designed and poorly worded questionnaire can still yield data in the form of numbers, for example, frequencies or percentages. These numbers are amenable to statistical analysis and may even produce statistically significant findings. The real mistake is that these erroneous findings may be used to draw false conclusions that, in turn, contribute to faulty critical decisions regarding the utility of an item.

8.7.10.4  Comparison to Other Methods - The questionnaire method has many similarities with the interview method in terms of uses and procedures. Both the questionnaire and the interview should be carried out within a few hours of the test for best results. Both methods may be conducted away from the test area. Although the questionnaire must be more structured than the interview, the questionnaire may still include open-ended questions. One difference between these two methods is that the HE practitioner need not be present while the questionnaire is being filled out. Also, the questionnaire is inherently easier to use in evaluating or analyzing the participant responses.  However, interviews provide a personal touch that may elicit more complete responses, and allow follow-up questions to be asked immediately so that relevant issues can be pursued. Table XIII shows a comparison between questionnaires and other HE T&E methods.
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8.7.11  Motion Pictures - This method is similar to the use of video recordings. It is the process of filming participant performance as a part of a system test.  This method can be beneficial to the HE practitioner because it allows the practitioner to view the system’s process repeatedly without having to revisit the system’s location, or further interrupt the users of the system.

8.7.11.1  Procedure - As with videotapes, actual prototype hardware or sophisticated mockups should be available to justify the use of this method. Less sophisticated mockups imply more uncertainty in design, and therefore a greater risk in expending a picture effort on unsuccessful concepts. Permission to use cameras in secure areas must be obtained and the camera equipment and cameraman properly scheduled. Trained test participants must be available for observation of their appropriate tasks. The cameraman, and particularly the HE practitioner, should be familiar with the test operation being performed. The knowledge of when to take close-in footage of a particular critical task is important. As in the case with video cameras, a dry run is recommended to ensure the filming is properly performed. Consultation with all personnel familiar with the anticipated test events is advised. The following equipment is necessary to implement this method:  

· camera and (film),

· lens,

· lights,

· projector,

· screen, and

· a tripod may be required, depending on the test situation.

8.7.11.2  Use - This method was comparatively more useful before the development of videotapes. Videotapes are now popular for that type of T&E process. However, when compared to all other methods, motion pictures still offer some advantages, such as 

· permanent precise records of observed events, 

· repeated observations of the same event, 

· slow and fast motion study of real-time events, 

· use in hazardous areas, and 

· record of task activities as well as the related background situation. 

The data gathered may be presented to large groups of people. The disadvantages are in the cost and effort to provide the proper equipment, particularly for processing and viewing the film. Skilled technicians are generally required for the filming of motion pictures. Motion pictures are not as useful as videotapes in that they must be processed to be viewed.
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8.7.12  Sound Recording - Sound tapes or audio tapes are recordings of the events of operating or maintaining the system.  Sound tables are being replaced by videotapes since so much more can be gained by seeing as well as hearing the test process.  Sound tapes are attractive to HE practitioners because they provide a permanent record of events to the practitioner, and they are inexpensive and portable.

8.7.12.1  Description - They are used extensively for tasks other than formal test observation. Test observers commonly use sound tape recorders to maintain a complete record of test conversation and events. Test notes may be verbally entered by the observers themselves. The recorders may also be used to record participant interview comments. The recorder may be linked into the intercommunication system if such is used as a part of a large-scale multi-operator test. The use of both sound tape and videotapes together is frequently valuable.

8.7.12.2  Use - Sound tapes are now a well used test/evaluation method. Their use is extremely easy and inexpensive. They have the same advantages as the videotapes in that they are a permanent record of events (audio), they may be repeatedly reviewed, and they may be used with time tags if desired. In addition to this, sound tape recordings negate the need for detailed handwritten notes. One disadvantage to the use of the recordings is in the quality of the reproduction if a high ambient noise is present near the test data being recorded. Another possible disadvantage is if the test participant becomes self-conscious due to the use of the recorder. This would be more noticeable during an interview. There is also the problem of loss of data due to weak or dead batteries and time required to change tapes. If the tape recorders are not used, good note taking becomes much more important.
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8.7.13  Video Recording - Videotapes are an outstanding means of recording events for system evaluation because of the simultaneous recording of sound and live action. Video is advantageous because it allows the HE practitioners to view a system’s functions as a still picture, slow moving picture, an audio event, or a real-time audio/visual event.  

8.7.13.1  Description - This T&E method is the use of video cameras and related equipment to make videotape recording for detailed review and evaluation of operator and maintenance personnel tasks. The following may be of help in considering videotape methods.

8.7.13.1.1  Videotape - The proliferation of inexpensive home video equipment and its usage has led to the capability for easy data gathering and analysis. This home equipment usually has between a 40 to 100 mm lens, about a 12 to 1 zoom ratio, and ever smaller cameras and recorders. 

8.7.13.1.2  Recording Events - As with any of the other methods,  amateur operators should observe several cautions. To obtain the best record of an event (i.e., test), operators should enlist the cooperation of the test conductor. In addition they should establish which portions of the test can be rerun or interrupted to aid in the taping. A script, or list of events, should be used so that the cameraman will know the sequence and timing of events. To obtain a good record of the event, the video taping is just as important as the test itself. Tape is cheap so several angles and views should be recorded if possible. Most amateur operators do not let the tape run long enough; they should start taping approximately 20 seconds before a sequence begins and let the tape run 20 seconds after a sequence finishes. This will ensure everything is captured on tape. In preparing the camera, the cameraman should set the lens filter and then adjust the white set on the camera to allow for the available light color temperature. Then the electronic iris should be set to balance the blue and red, if these features are available on the model being used. Trained test participants should be available for HE practitioners; observation of their appropriate tasks. The camera operator(s) and particularly the HE practitioner coordinating the video data recording should be reasonably familiar with the test operation being performed. The knowledge of when to use the zoom lens to home in on a particular critical task is important. To be sure all the more critical tasks are properly recorded, dry (or test) runs of the test may be advisable. Consultation with all personnel familiar with the anticipated test event is recommended.

8.7.13.1.3  Equipment - The following equipment is necessary to implement this method:

· Videotape recorder

· VCR portable camera

· Zoom lens

· Monitor

· Portable lights

Additional lenses, monitors, and tripods may be desired depending on the complexity of the test. Additional sound recording equipment may also be desired. Problems associated with the use of video recordings involve 

· the logistics of transporting the equipment to the test site; 

· the security of the equipment; 

· permission to record any occurrences in secure areas (e.g., restricted, or classified areas); and 

· request to perform recording on a possible test interference basis.

8.7.13.2  Use - There is little doubt that given the videotapes and proper display equipment, the use of this method is of notable value. However, the cost effectiveness of the method must be considered to be dependent upon the complexity of the test needing evaluation. Possible transportation and setup problems should also be considered before commitment to the use of this method. The following considerations also apply.

a. Careful review of tape playbacks can reveal human errors, and excessive task times not previously capable of being detected. The application of maintenance crew teamwork may be examined. Improper procedures may be thoroughly evaluated. Improper malfunction determinations may be traced back to the point of the original mistake. Technical publications and training can be methodically evaluated. The adequacy and proper use of tools may be verified.

b. Depending on how they are used, videotapes may account for less test interference than direct test observation alone. This would be true for an equal amount of test data gathered as a result of a relatively complex test. Once recorded, the data record is permanent and may be presented for use to numerous persons including the performing organization and requiring organization alike. The tapes may be easily stopped, started, and backtracked for repeated observation. Each task may be thoroughly examined step by step. Test sequences that may not be properly recorded may be easily reviewed and retaken. Further advantages include the fact that observer errors are reduced; the observation can be recorded and observed remotely from what might be a hazardous or congested area. The tapes may have considerable use as training aids. They require no time to process, but motion picture films do. The tape itself is reclaimable; it may be used over and over again for different tests. A record of time tags recorded along with the video is also possible.

8.7.13.3  Comparison to Other Methods - Table XIII provides a comparison between videotapes and other T&E methods.

Return to Top
8.7.14  Still Photography - Still photography is, very simply, the process of taking photographs of tasks, objects, or events that are pertinent to the HE effort. Still photography is valuable to the HE practitioner because it is capable of high resolution, and establishes a permanent record of critical system events.  Video cameras are now starting to approach the resolution of still cameras, and have the advantage of instantaneously available photographs that can be electronically transferred.  

8.7.14.1  Description - This method is perhaps too simple to be considered as such and should be described rather as a HE T&E tool. As in the case of the video records, actual prototype hardware or mockups must be available to justify the use of the tool. HE test operators must be familiar with the test to know when the critical tasks or events require the visual record. In addition to the camera, a tripod and special lighting may be required. Flash attachments are easily used. Depending on facility and agency requirements, a photographic pass may be required. The location of the test may restrict the use of cameras. Instant film type cameras are convenient in that they provide an instant picture for evaluation as to the need for additional pictures. However, the quality of the instant picture cameras tends to be inferior to those that produce the large 8 x 10 shots. The results of the photography generally are appropriate for inclusion in test reports or other HE T&E reporting forms.

8.7.14.2  Use - Naturally, photography is a well used HE T&E tool. It is easy to use and may be done quickly. The particular advantages gained in using this method are similar to some of those for the videotapes and motion pictures, e.g., the photograph is a permanent record which may be reviewed, it may be used as a training aid, and decreases observer errors about what really happened. Photographs are used extensively in HE testing for analysis of anthropometric interface problems. Table XIV shows many of the general applications of the photography methods.

8.7.14.3  Comparison to Other Methods - Table XIII provides a comparison between photography and other T&E methods. The obvious disadvantage associated with the use of this T&E tool is in the single frame static picture rather than the dynamic picture created by motion pictures or videotapes. A small problem may be created by the logistics of obtaining the photographic equipment and or camera personnel and the permission to use the equipment in the test area. Alternatives to photography are the more expensive videotapes or motion pictures or possibly a good fast-sketch artist assigned the duties of the HE test observer. In a few instances, a large number of descriptive words written in the test reports may substitute for a photograph of the situation or equipment that they are describing, but these descriptions are seldom completely satisfactory.
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8.7.15  Event Recording - Event recording is a method or combination of methods for recording real time test situation or event times. The equipment involved in the use of this method varies in complexity from the stopwatch to complete systems that record multiple inputs simultaneously.  This method is valuable to the HE practitioner in establishing the big picture of the system.

8.7.15.1  Description - The more complex event recorder systems might include: 

· an event recorder, 

· battery pack, 

· event control box, 

· a signal cable, and

· data bus. 

The event recorder itself should be capable of recording on several channels; the battery pack is to give portability to the operation; the control box is used to actuate the various channels in the recorder; and the signal cable is to electrically tie the control box to the recorder.  Other recording systems are provided which combine these units into one easily portable package.

8.7.15.2  Procedure -The sequence of events that might occur with the use of this method may be as follows:

a. HE practitioners who are to observe the particular test first become familiar with the planned test events. They estimate what tasks are more critical and should be recorded in terms of time performance. If the tasks to be monitored are particularly critical they may even perform a dry run of the test or plan to run multiple replications of the same critical task.

b. The total test may be divided into several functional tasks and each such assignment allocated to a separate channel. Examples of such task functions are reading technical publications, actuating controls, reading displays, and making adjustments.

c. The channel controls are easily activated for each of the task functions as they start and stop. It may be necessary to write start labels for each event on each of the channels plotted on the recorder chart paper roll. 

For several years recording equipment has been available that does not require the use of the paper role for a record of events. The test observer simply presses combinations of keys to note task functions as they occur. Data entries record in a solid-state memory in a computer program format. The data are later transmitted to the computer by connecting the device via a simple connecting cable. In this manner, computer written reports may be written in minutes. This device includes a space for written notes on an integral note pad. The direct outputs of each of these event recording methods varies from handwritten notes to complete computer printouts of evaluated data. The eventual outputs are verification of task time data.

8.7.15.3  Use - Most HE T&E efforts will require the use of one of the following but previously indicated event recording methods or some variation thereof:

· event recorder and separate control, 

· combined function solid state memory data collector, and

· stopwatch.

When critical test events must be recorded and evaluated, these methods prove valuable for determining system/user time performance capabilities. Two of these methods allow several task functions to be recorded at once. The observer may thereby direct more of his attention to the other aspects of the test. The stopwatch is, of course, by far the cheapest method of the three for recording time. It may, upon occasion, be the most cost effective. It is, however, more error prone than the other methods. The recordings made from the other two methods can be used for timeline, task loading, and time sharing analysis.

In general, all recording methods will measure objectively human performance and provide useful data for the test as a whole. The methods can be used with very little test interference, The training required to use the method equipment varies with the equipment complexity but is generally uncomplicated. The data are applicable for time to accomplish tasks, evaluation and optimization of tasks involving teamwork, and the isolation of specific points that degrade turn-around times, loading times, and launch times. The method may not be used for evaluation per se, but further analysis must be made of the data using other methods. 

8.7.15.4  Comparison to Other Methods - Table XIII provides a comparison between event recording and other T&E methods.
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8.7.16  Secondary Task Monitoring - Secondary task monitoring is a method of measuring mental workload in which the operator is required to perform two tasks concurrently—the primary task of interest and another (related or unrelated) task. The operator’s performance on the secondary task is used to estimate primary task workload. The method of secondary task monitoring is an important tool to help the HE practitioner assess mental workload so that especially stressful tasks can be identified and redesigned or re-allocated.

8.7.16.1  Description - For the purpose of determining crew workload, test participants are given both an operational task and a secondary task to perform. The secondary task may or may not be meaningless in relation to the rest of the test. However, it is in no way necessary to the operational task being tested. The secondary task is performed using prototype hardware, hot mockups, or simulators instrumented through hardware or telemetry to record crew performance.  

8.7.16.2  Procedure - The participant is usually instructed to perform the primary task free from error, and  the secondary task when not occupied in performing the primary operational task. The time taken to perform the secondary task is recorded and subtracted from the total time available. Crew workload in performing the operational task is then inferred from the measured time (or effort) not spent doing that operation.  (For additional information, see Boff, Kaufman, Thomas (1986), Handbook of Perception and Human Performance [Vol. II, Section 42-22-4]).  

8.7.16.3  Use - Secondary task monitoring is a useful method for measuring crew workload, especially when it is not feasible to monitor the operational performance parameters directly. Because workload can be measured quantitatively using this method, it can be estimated more accurately than with many other workload evaluation methods. The cost and effort to implement this method are relatively high compared with those for several other HE T&E methods if the secondary task data are recorded automatically. However, the cost is inherently lower than monitoring operator performance on each of the operational controls (and, ideally, displays). There are two different types of secondary task monitoring. The first type uses secondary tasks that are completely unrelated to the system operational tasks. These are make-work tasks. The second, more sophisticated type uses secondary tasks that are essentially the same as the required operational tasks. Test participants seem to have greater motivation to perform more realistic secondary tasks than to perform make-work tasks. Table XIV lists some general applications for the secondary task method.

8.7.16.4  Comparison to Other Methods - Table XIII provides a comparison of secondary task monitoring with other T&E methods.

Return to Top
8.7.17  Physiological Instrumentation - Physiological instrumentation is a method of gathering data related to physical events of a test participant, such as electroencephalogram (EEG), electrocardiogram (EKG), skin temperature, etc.  This method is valuable because of its reliance on hard, non-subjective data in the measurement of user workload.

8.7.17.1  Description - The process of measuring test participant physiological data is generally quite rigorous. In addition to all the setup procedures required for the test itself, it requires several important tasks that must be performed just for the physiological instrumentation.

a. Physiological instrumentation requires more commitment from the test participants. The purpose of the instrumentation may be to monitor physiological parameters to ensure that the participant remains in a safe range of performance. The implication of this is that there is a possible unsafe range of performance and therefore more commitment required on the part of the test participant. Even if this is not the case, the encumbrances of the test sensors on the participant are generally somewhat annoying.

b. When conducting tests with human subjects, one must comply with the applicable human use and informed consent requirements and regulations. The proposed test must be explained to the test subjects (i.e., nature, duration, and purpose of the test, etc.). In addition all reasonably foreseeable risks (i.e., injury, death, inconvenience, and discomfort, etc.) must be disclosed. The identity of the test subject will not be made available to the public without the participant’s approval. All tests must be approved by the appropriate agency’s human use committee and have participants informed consent before collecting data.

8.7.17.2  Procedure - Medical personnel must approve the test. Generally, they should perform the test setup of the instrumentation system. This would involve the attachment of the sensors in a manner to minimize their effect on the total test. Medical personnel must also be present during the test if any participant risk is involved. Electronics technicians may also be required to adjust the test instruments. In addition to the individual parameter sensors located on the participant, wire leads must be provided. Attached to the leads would be the appropriate transmitters (if telemetered), receivers, and amplifiers. Instruments for displaying parameter values and chart recorders will also be required. Parameters that might be monitored are as follows:

· heart rate, blood pressure,

· respiration rate and volume,

· galvanic skin response (GSR),

· EEG,

· EKG,

· body temperature, and

· body movement, including eye blink.

Upon completion of the test, medical personnel are required for analysis and evaluation of the resulting test physiological data.

8.7.17.3  Use - Physiological measurement is performed much more for research testing than for operational or field type testing. It is also used when there is a possibility of risk involved, for example, centrifuge runs. Physiological testing is seldom intended to measure total system performance, let alone the more normally monitored operator performance parameters of time and errors.

8.7.17.4  Comparison to Other Methods - The cost to perform this type of testing is relatively high and the effort involved by HE, medical, and technical personnel is considerable. Because of the nature of the test itself, which would require the use of physiological instrumentation for safety, the testing must be considered to be performed on an interference basis. When physiologic monitoring is really needed, there is no substitute method that may be used to obtain the necessary data. The only alternative of constantly stopping the test to take time out for the required measurements is unacceptable. By use of radio transmitters, the method may be monitored remotely away from the test area. Notable use of this method has been in manned space programs, Army system portability testing , and Navy and Air Force new aircraft flight tests.
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8.7.18  Physical Measurement - This method is the process of measuring what the test participant can do in terms of physical performance or cognitive performance.  This method discloses to the HE practitioner the proportion of capability the system is extracting from the test participant, allowing the HE practitioner to ascertain the physical demands of the system on the user.  From this information, the HE practitioner can then determine if the system is too demanding for specific tasks, such as sustained operations.

8.7.18.1  Description - Three different types of physical measurement are presented in this section. The first, anthropometryxe "Anthropometry", deals with potential test participant physical dimensions, proportions, and body composition. The other two, oculometry and voice monitoring, pertain to measurement of the participant’s physical and cognitive processes.

8.7.18.1.1  Anthropometry - Anthropometric measurements may be made of each of the test subjects to be used in a hardware prototype mockup test. These measurements are taken on the assumption that the test will indicate various areas of work space or work access verification. If problems are indicated, rather than designs verified, then detailed measurements are taken as to exactly how much of a work space problem exists. If much of the test is to hinge on the ability of the test participants to fit the equipment (e.g., vehicle egress), the subjects may be specially screened and chosen to fit the worst case (larger) population percentiles (95th or 98th percentile). If a subject with 98th percentile buttock-knee length and 98th percentile shoulder breadth can successfully egress with the given vehicle dimensions, then it may be assumed that most operators will be able to do the same at least in terms of egress space.

8.7.18.1.2  Oculometry - This method measures the test participant's eye movement while the participant is seated at (in) a mockup or prototype hardware of the system being tested. The oculometer is used to view the participant's eye movement in terms of deflection rate and amount. The instrument and associated equipment are capable of recording the links between controls and displays, the dwell times on each, the total number of eye contacts, and the probability of next contact. The oculometer performance is at a half degree at 30 inches from the eye within an envelope 30 deg. up, 10 deg. down, and 60 deg. horizontal. Once these data are recorded, panel layout adequacy is verified by the quantity, location, and rate of eye movements. Physical measurements may also include participant muscular strength, body weight, limb coordination, visual and auditory acuity, and kinesthetic response.

8.7.18.2  Use – The use and value of these physical measurement methods are as follows:

8.7.18.2.1  Anthropometry Use - It is relatively easy to measure test participants to determine their anthropometric dimensions. The fact that these subjects either did or did not fit the particular mockup or prototype is also easy to note and record. The difficulty in the use of this method is if and when particular anthropometric dimensions are required as test subjects. It is very difficult for HE observers to go out and find particular anthropometric dimensional subjects, particularly for combinations of measurements and for the extremes of the population (e.g. greater than 90th percentile and less than 10th percentile). The real value in using anthropometric measurements is in the knowledge of how close the design, as represented by the mockup or prototype, comes to the specified user anthropometry. The disadvantage is the effort in finding subjects who properly represent the required population. If this method is not used and work space clearances are critical to the test conduct, the HE observer runs a high risk in only guessing the anthropometric characteristics of the test participants.

8.7.18.2.2  Oculometry Use - The oculometer method is relatively complex and expensive to use. It cannot be run on a noninterference basis. It requires trained HE observers to use. The use of the method is still somewhat experimental. The advantage in the use of the method is that it is the ideal way to perform or verify console panel link analysis data. If not used, questionnaires or interviews may be used to determine subject reaction to panel layout adequacy.
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8.7.19  Online Interactive Simulation - Previous HE T&E method paragraphs have described methods that rely heavily on prototype hardware or mockups. Also included in this guide are several methods that do not use either mockups or hardware, but are instead computer program simulations of both the operator and equipment in the man-machine interface.  The general method described in this section pertains to the use of real time computer program simulations and actual test participant operators. Like other simulations, online interactive programs are used to evaluate and demonstrate application of specific procedures and equipment to specific operations. It is often difficult to make a sharp distinction between some computer simulation setups and functional mockups. The emphasis in the functional mockup is on an accurate representation of spatial dimensions and arrangements.

8.7.19.1  Description - The most important requirement of an online interactive simulation is that it be an accurate representation of some portion of the proposed system. Critical variables in the proposed system should be properly duplicated in the simulation. In some cases, simulators must actually provide deliberate distortions of certain parameters to yield operator responses that will be valid for the real world. The use of distortions is risky but often necessary to compensate for some parameter that cannot be provided for properly. Online interactive simulation presumes the use of a sophisticated computer and software. Test participant consoles must also be provided in a manner similar to the system consoles being simulated. The preparation of test participant operator procedures is a first step toward the complex job of constructing the real time interactive software. Online operation requires the construction of numerous operator controls in response to numerous displays and display formats. Operator and system performance outputs must also be provided for in terms of lists and time plots of events versus actions, errors, and reaction times.

8.7.19.2  Use - The reason for using online simulation is because of the ability to find out what might occur: to manipulate, to study, and to measure the model instead of the real world. There are several advantages to using online simulation as compared to other methods of T&E:

· Simulations are frequently cheaper, faster, and easier to construct than the systems or prototype hardware they simulate;

· Simulators can be instrumented to collect data that would be difficult or impossible to obtain from real systems and the data may be quickly reduced to usable form;

· Simulators are extremely useful as training aids;

· Simulators are easier to manipulate than the systems they represent;

· Simulators may be used to perform tasks that would otherwise be hazardous to the test participants (e.g., crash landings);

· Once the simulation program has been provided, alternative procedures or tactics may be easily manipulated;

· A record of data may be kept for later playback.

The disadvantages in the use of online simulation as compared with other T&E methods are as follows:

· Simulation tends to invite over-generalization;

· Simulations may be wrong because of incorrect relationships that have been made to hold between variables, or assumed constraints may be in error;

· Simulators may add ingredients of their own that will not be found in the real world system;

· Simulators, in general, are more expensive than the use of interview, questionnaire or other empirical data-gathering methods.

8.7.19.3  Comparison to Other Methods - The time to use online simulation is generally before the construction of the hardware (and software) that it is to simulate. If this is not done, there is little point in the expenditure of the time and effort for the simulation. There are essentially two alternatives to the use of online interactive simulation. One simulation method is the use of man model programs. The other alternative is the use of all the T&E methods that utilize the direct or indirect data obtained from the actual prototype system hardware. Table XI shows a comparison of this type of method to other methods.

TABLE XI.  HE design and development methods selection 
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8.7.20  Statistical Analysis - Statistical analysis is the method by which the HE practitioner can summarize, describe, and draw inference from data collected form test participants.  Statistical analysis is paramount to the HE practitioner because it allows the practitioner to quantify differences between groups of test participants, and allows the HE practitioner to infer the significance and cause of those differences.

8.7.20.1  Description - This section on statistical analysis methods is applicable to both system analysis and evaluation. To maintain consistency between this section and other HE methods sections, the details of the numerous statistical methods cannot possibly be provided herein. However, a few of the more commonly used methods are briefly presented along with their use. These methods have been grossly categorized into the two areas of statistical comparisons, and user population selection.

8.7.20.1.1  Statistical Comparisons - Statistical comparisons may deal with the parametric performance of two or more hardware items under consideration for use in the system design. Comparisons may also be made between different parameters to draw a conclusion or develop new and useful data. System trade studies often include performance data comparisons such as reliability statistics. The mean or average reliability for one hardware item being considered is compared to another hardware item. Additional factors such as standard deviations from the mean and item population are necessary to make a proper performance comparison. The confidence limit or level of the results of the statistical analysis are very important. These are obtained from the standard errors, which are, in turn, a measure of the sampling uncertainty (e.g., sample size).  Statistically derived data are of little value without an associated confidence limit (eg., 95%).

8.7.20.1.2  User Populations - User population selection deals with the selection of a sample from the total population. It is generally impossible to test or measure all items (or users) in a population set from which data are to be obtained and analyzed. Statistical methods exist for random or specific parameter (i.e., stratified) population sampling. Whether a total population or a sample of the population, the data obtained will be presented in distribution plots. These plots describe the frequency of occurrence of the individual parameter values in the sample tested. The form of the resulting distribution (e.g., Gaussian, Poisson, binomial) is important in selecting the appropriate statistical methods to be employed and in the conclusions to be drawn from the data. For example, a bimodal distribution generally indicates that the data sample was actually drawn from two distinct populations and the application of standard statistical methods may not produce the intended results. As a further illustration, recent trends in design criteria application require the combination of male and female population anthropometric data. This combination will produce bimodal distributions. In such situations, standard statistical methods for determining cost effective design criteria (e.g., choice of 5th through 95th Percentile) can be erroneous.

8.7.20.2  Procedure - It is not the intent of this guide to provide the procedure for each of the many statistical analysis methods. If the HE practitioner has questions concerning data analysis and interpretation, consultation with a statistical specialist should be employed. This consultation should occur during the early planning stages. Errors in sample selection or data collection procedures cannot be corrected in the analysis. Statistical analysis, which once was performed with the use of desktop mechanical calculators, is now quickly performed by computer/software methods. There are many personal computer statistical packages currently available. These packages, in conjunction with a good experimental design, will enable the HE practitioners to complete a complex statistical analysis. If possible, statistical data should be collected in machine-readable form at the test site.

8.7.20.3  Use - Although HE itself is a specialized field, there are persons within this discipline who specialize in HE statistical analysis. The majority of HE practitioners have little to do with the statistical analysis, both because of relative little need to do so and availability of a few well-qualified persons who can perform the statistical analysis when needed. The following aspects of statistical analysis should be considered.

a. Comparisons or correlations between parametric data are useful to extrapolate from limited databases. For example, if based on comparisons between evaluator's judgments of operator task reliability and actual empirical data, and a high correlation seems to be evidenced, then this correlation can be quantified by the use of scatter diagram plots, regression curves, and correlation coefficients. The quantified correlation can be used, with some caution, to extrapolate to operator task reliability estimates that have not been field-tested. Correlation data showing the relationship between anthropometric measurements can also be very useful.

b. Statistical methods are not used as often as they should be to evaluate parametric data used to perform trade studies. Often hardware selection between various brands and systems is made on the basis of quoted or derived performance data that are not statistically reliable (significant) or accurate.

c. Just as statistics can be of great value to the HE analysis and evaluation process, they can also cause problems. If the statistical analysis is attempted by persons with limited experience, it is easy to make mistakes both in the choice of particular statistical methods and in the application of the methods. At the same time, skilled but unscrupulous practitioners have been known to purposely misuse statistics to “prove” an item of performance data which does not actually hold true. A thorough analysis should be made of any data which are crucial to a design decision and which could be suspect.
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equipment X X X X X X X X


7 Systems records review X X X X X X X X


8 Test participant history record X X X X X X X


9 Interview X X X X X X X X


10 Questionnaire X X X X X X X X


11 Motion pictures X X X X X X X


12 Sound recording X X X X X X


13 Video recording X X X X X X


14 Still photography X X X X X X X


15 Event recording X X X X X X X X


16 Secondary task monitoring X X X X X X


17 Physiological instrumentation X X X X X X


18 Physical measurement X X X X X X


19 Online interactive simulation X X X X X X X


20 Statistical analysis X X X X X X X X


Note:  Information for the above items was collected in 1986 and may be dated or not applicable


 if automated techniques are used.
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Sheet1


						SELECTION EVALUATION CHARACTERISTIC


						Most applicable program phase												Relative complexity									Relative time to perform									Relative cost									Relative cost effectiveness


			HE DESIGN & DEVELOPMENT METHOD			Conceptual			Definition			EMD			Prod/deploy			Simple			Average			Complex			Short			Medium			Long			Low			Medium			High			Low			Medium			High


			1 Design criteria checklist						X			X			X			X			X						X			X									X												X


			2 Drawing			X			X			X			X						X									X									X									X


			3 Visibility diagram			X			X												X									X									X									X


			4 Reach envelope			X			X												X									X									X									X


			5 Mockup			X			X			X									X									X									X			X						X			X


			6 Scale model			X			X												X									X									X						X			X


			7 Manikin			X			X			X									X									X						X												X			X


			8 Specification						X			X			X			X			X									X			X						X									X


			9 Computer-aided design (CAD) environment *			A			A			A			A									A						A												A									A


			* Note:  Selection information was not available for the asterisked item for the 1998 update, and is assumed based on references,


			indicated by an "A."  Also, data for other items collected in 1986 may be dated or not applicable if automated techniques are used.
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HE DESIGN & DEVELOPMENT 


METHOD


 Conceptual Definition EMD Prod/deploy Simple Average Complex Short Medium Long Low Medium High Low Medium High


1 Design criteria checklist


X X X X X X X X X


2 Drawing


X X X X X X X X


3 Visibility diagram


X X X X X X


4 Reach envelope


X X X X X X


5 Mockup


X X X X X X X X X


6 Scale model


X X X X X X X


7 Manikin


X X X X X X X X


8 Specification


X X X X X X X X X


9 Computer-aided design (CAD) 


environment *


A A A A A A A A


* Note:  Selection information was not available for the asterisked item for the 1998 update, and is assumed based on references,


indicated by an "A."  Also, data for other items collected in 1986 may be dated or not applicable if automated techniques are used.  
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TECHNICAL MANUAL FUNCTIONAL EVALUATION



Assess the usability of the identified paragraphs for instructions. training, and/or job performance aids (see instructions on reverse side).


Publication Number:__________________________  Title:__________________________________



Evaluator:_____________________________________________    Date: ​​​​__________________________



Paragraphs or sections evaluated: (give number and subject}



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________



____________________       _____________________________________________________________________


Note: paragraphs or sections covered should be consecutive and grouped so that answers given apply to all paragraphs listed.



PUBLICATION                   VERIFICATION    
      PERSONNEL                                      REQUIREMENTS




NAME
 NAME



__________________________________     _________      __________________________________     _________



__________________________________     _________      __________________________________     _________



__________________________________     _________      __________________________________     _________



__________________________________     _________      __________________________________     _________



__________________________________     _________      __________________________________     _________



__________________________________     _________      __________________________________     _________



Conditions at verification (include equipment involved, where performed, etc.):






Evaluate on:


If yes, are they adequate?








 (Use Additional Sheets for Comments)


Yes


No


Yes


No





1.


Do the paragraphs constitute job instructions?

















2.


Should the paragraphs be used for training?

















3.


Do they constitute job performance aids?

















4.


Are the steps in logical sequence?

















5.


Do the steps eliminate back tracking as much as possible?

















6.


Did the participants demonstrating the operation experience difficulty as evidenced by errors, slow performance, or need for assistance?

















7.


Are the functions described sufficiently new or complex to require training?

















8.


It is necessary to provide additional background or supplementary information for the user to understand the What? How? When? and Where?



















TECHNICAL MANUAL FUNCTIONAL EVALUATION


Assess the usability of the identified paragraphs for instructions. training, and/or job


performance aids 


(see instructions on reverse side).


Publication Number


:__________________________  


Title:


__________________________________


Evaluator


:_____________________________________________    


Date:


 


__________________________


Paragraphs or sections evaluated: (


give number and subject


}


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


____________________       _____________________________________________________________________


Note: paragraphs or sections covered should be consecutive and grouped so that answers given


apply to all paragraphs listed.


PUBLICATION                   VERIFICATION    


      PERSONNEL                                      REQUIREMENTS


NAME


 NAME


__________________________________     _________      __________________________________     _________


__________________________________     _________      __________________________________     _________


__________________________________     _________      __________________________________     _________


__________________________________     _________      __________________________________     _________


__________________________________     _________      __________________________________     _________


__________________________________     _________      __________________________________     _________


Conditions at verification


 


(include equipment involved, where performed, etc.)


:


Evaluate on:


If yes, are they


adequate?


 


(Use Additional Sheets for Comments)


Yes


No


Yes


No


1.


Do the paragraphs constitute job instructions?


2.


Should the paragraphs be used for training?


3.


Do they constitute job performance aids?


4.


Are the steps in logical sequence?


5.


Do the steps eliminate back tracking as much as possible?


6.


Did the participants demonstrating the operation


experience difficulty as evidenced by errors, slow


performance, or need for assistance?


7.


Are the functions described sufficiently new or complex to


require training?


8.


It is necessary to provide additional background or


supplementary information for the user to understand the


What? How? When? and Where?
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PERSONNEL DATA FORM


A.  To be completed by test participant:


1.  Name


              
2. Date  





3.  Skill Specialty Code (SSC) ___________________________  
4. ID No. 




5.  Crew Position (in the test)_______________________​​  





6.  Months of experience (in tested crew position)  





7.  Height.____________________________     8. Weight_______________      9. Date of birth  




10.  Length of service
​___________years, ________________months



11.  Civiian Education: (a) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (circle number of years) 







b. Major area  (if applicable):____________________________



B.  To be completed for each participant by test control:


12.  Physical Profile:




P


U


L


H


E


S


























13. Aptitude Scores:


(a) CO   _____


(b) FA _____


(c)  EL    _____


(d) OF   _____





(e) GM _____


(f)  MM _____


(g) CL _____


(h)  ST    _____


(i)  GT   _____





(j)  SC   _____


(k) El    _____


(I)  Gl   _____


(m) Cl    _____


(n) AD  _____





(o) SK  _____


(p) Tl    _____


(q) Al  _____


(r)  AP    _____


(s)  PA   _____





(t) MK  _____


(u) WK _____


(v) AR _____


(w) MC  _____








14.  Latest SSC test score:  






15.  End‑of‑training test score:  






16.  Minimum performance (a) required: _______________  (b)  attained:  





17.  List of military schools and courses completed: 

 





PERSONNEL DATA FORM


A.  


To be completed by test participant:


1.  Name


  


        


        


              


2. Date  


                                


                  


                                


                                





  


  


3.  Skill Specialty Code (SSC) ___________________________  


4. ID No. 


                                


                


  


5.  Crew Position 


(in 


the test)_______________________


  


                               


                                


                                





  


6.  Months of experience (in tested crew position)  


                                


              


                                


                                





  


7.  Height.____________________________     8. Weight_______________      9. Date of birth  


                                


    


  


10.  Length of service


___________years, ________________months


11.  Civiian Education: (a) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (circle number of years)


b. Major area  (if applicable):____________________________


B.  


To be completed for each participant by test control:


12.  Physical Profile:


P


U


L


H


E


S


13. 


Aptitude Scores:


(a) CO   _____


(b) FA _____


(c)  EL    _____


(d) OF   _____


(e) GM _____


(f)  MM _____


(g) CL _____


(h)  ST    _____


(i)  GT   _____


(j)  SC   _____


(k) El    _____


(I)  Gl   _____


(m) Cl    _____


(n) AD  _____


(o) SK  _____


(p) Tl    _____


(q) Al  _____


(r)  AP    _____


(s)  PA   _____


(t) MK  _____


(u) WK _____


(v) AR _____


(w) MC  _____


14.  Latest SSC test score:  


                    


                                


                                





                                


                                





  


15.  End


-of


-training test score:  


             


                                


                                





                                


                                





  


16.  Minimum performance (a) required: _______________  (b)  attained:  


        


                                


                                





  


17.  List of military schools and courses completed: 


                                


            


                                


                                





  





