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Executive Summary

The Usability Engineering Group of the American Indtitutes for Research (AIR) completed a
compardive evauation amed at identifying which of three software packages, namely Nationa
Instruments LabVIEW, Hewlett-Packard’s HP VEE, or the Microsoft Visua C++
programming language, offers the greatest productivity advantages when used to develop test
and measurement gpplications.

The main finding of the study isthat across dl tasks, programming with HP VEE was 27% faster
than programming the same tasks using LabVIEW, and 35% fagter than programming with C++.
Onindividud tasks, programming with HP VEE was up to 79% faster than LabVIEW and up to
79% faster than C++. In many cases, a greater number of participants were able to complete
tasks using HP VEE than usng LabVIEW or C++.

These results suggest that programming with HP VEE can provide productivity advantages, as
measured by speed, over programming either with LabVIEW or with MS C++.

Number of completions and mean time to complete tasks using each softwar e package.

HP VEE MS C++ LabVIEW
#who mean #who mean # who mean
completed task time completed | task time completed | task time
Task: (N=15) (sec) (N=112) (sec) (N=15) (sec)

Init. funct. 14 306.67 4 444.82 5 453.6
generator
Change 13 230.73 5 403.73 8 416.60
wave shape
Set 14 85.47 11 165.91 12 195.00
frequency
Set 15 114.20 10 156.09 15 100.73
amplitude.
Set trigger 15 54.80 11 134.64 12 259.80
source

Init. wave. 15 116.20 1 504.82 10 320.33
analyzer

Capture 5 386.00 2 465.55 7 463.53
wave -
array

Display 15 67.07 6 322.18 14 113.73
wave -
array

Display 13 167.73 N/A N/A 13 144.60
wave graph
Code user 13 185.60 7 318.27 14 298.60
prompt

Program 1 508.13 10 38291 6 434.20
limit test
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Timestamp to 4 44493 1 471.27 6 490.80

ASClI file

Write data 11 . 1 . 3 .

tofile

Write status 10 . 1 . 3 .

tofile

M ean 11.9 222.29 5.38 342.74 9.43 307.63
(75%) (49%) (62%)

I ntroduction

The Usahility Engineering Group of the American Ingtitutes for Research (AIR) recently
completed a comparative evauation of three test and measurement software packages on
behdf of the Hewlett-Packard Company. The study was aimed at identifying which of three
software packages, namely Nationa Instruments LabVIEW, Hewlett-Packard’ s HP VEE, or
the Microsoft Visua C++ programming language, offers the greatest productivity advantages
when used to develop test and measurement gpplications.

AIR's Usahility Engineering Group (Concord, MA) specidizesin user-centered design and
evauation of software and other product user interfaces. Our primary methodology consists of
task-based evauation, in which paid study participants attempt to complete tasks that typical
users of aproduct or software would normaly perform. Typica measures for a usability
evauation include time to complete a task, the number of tasks completed, level of confidence
or other subjective ratings. We perform statistica tests of the task times, ratings, and
preferences, and supplement those andyses with the participants verba assessments of the
products usability, aswell as with our own observations.

Our god in undertaking this project was to design and conduct a test that would fairly evauate
and compare the three software packages. Consequently, we took great care to ensure that
no aspect of the test -- evauation tasks, test equipment, or participants -- was biased toward
or againgt any of the three software gpplications. In the following sections, we describe our
test design, methods, procedure, results and anayses.

Method

Test participants

Because functiond tests for manufacturing represent one of the most challenging areas for test-
specific application software, Hewlett-Packard chose the manufacturing test domain for

evauating long-term software productivity for the typica engineer.

We therefore selected test and measurement engineers and technicians working in the
manufacturing domain to participate in the study.
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All participants were contacted and screened by the same professiond recruiting agency.
Potentid participants were identified in anumber of ways including: names provided by
Hewlett-Packard; purchased ligts; cold-cdling loca businessligtings, and referrds from other
participants. Neither the recruiters nor AIR informed study participants that Hewlett-Packard
was the sponsor of thetest. Employees of the Hewlett-Packard Company were not alowed

to participate in the study.
To beinvited to participate in the study, the respondent had to:

» work for a company that manufactures automatic test systems and whaose primary purposeis
the design or configuration of such systems,

* develop systems primarily for use within their own or asister company;

* be an dectricd engineer or technician responsible for the development of test systems used
for testing dectrica components or assemblies in a product development or production
environment, rather than, for example, process control or scientific data acquisition;

* use @ther VXI or smilar modular sysems, GPIB or HPIB; or PC plug-ins such as
instruments on a card inserted into a persona computer or an accessory chass's,

* be experienced in using either HP VEE, LabVIEW or C/C++ software for test and
measurement programming.

AIR adminigtered additiona screening criteria. Because thiswas atest of productivity, and not
atest of initid ease of use, we did not want programmers new to any of the software
applications to serve as test participants.

More importantly, within each group we wanted study participants to have comparable
expertise in programming. Then if the results of the test favored one software package, we
would be able to say that it was not because engineersin that group were more experienced
than the others. Because it was difficult to assess experience based on the participants
subjective ratings of themsalves, we devised a post-hoc method of assessing participants
expertise. In thisandysiswetook al of the following factors into consideration:

* the participant’ s self-assessment as a programmer of HP VEE, LabVIEW or C/C++

» the participant’ s familiarity with indrument communication

» whether the participant took a course in a software gpplication (aso how long the course,
and how long ago)

* experience in using the software to control |aboratory ingruments

* sdf-assessment of familiarity with VXIplug& play drivers

» sdf-assessment of familiarity with VXI

» number and length of programs written using the software package in the past year

* AIR test administrator’ s assessment of participant’s expertise with the software

-3-
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« AIR test administrator’ s assessment of participant’s expertise with VX Iplug& play drivers'
In totd, forty-one test and measurement engineers participated in the study: fifteen were
experienced users of LabVIEW; eleven were experienced with C/C++2; and fifteen with HP
VEE. Ther expertiseis summarized in Table 1.

Table 1. Categorization of participant expertise with each softwar e package.

Category of Expertise
Software beginner intermediate expert
HP VEE (N=15) 33.33% 53.33% 13.33%
LabVIEW (N=15) 36.36% 45.45% 18.18%
Microsoft C/C++ (N=11) 6.66% 66.67% 26.66%

These data show that the main difference among participants in the three groups was that a
greater number of C/C++ experts participated in the test, relative to HP VEE and LabVIEW
programmers.

Findly, if any participant could not successfully complete five of the fourteen programming
tasks correctly in the time dlotted, we did not use his data in the analysi's, and replaced him
with amore experienced engineer”.

Tasks

We faced two chdlenges in sdlecting tasks for participants to perform during the sudy. The
first challenge was to select tasks for the evaluation that accurately reflect everyday uses of the
software. The second was to ensure that the tasks selected did not favor any software package
or gpplication over another.

AIR recaived a prdiminary task list from an HP technical consultant. We then sent thislist to
an independent (i.e., not from HP) test and measurement industry expert to (1) approveit as
representative of the actua usage of the software for the manufacturing domain, and (2) to look
for biases for or againgt any of the three software gpplications or packages. This consultant
aso sdected and provided us with equipment to use during the testing, again ensuring thet the
equipment saected would not bias the evaluaion. A second HP technica consultant set up
and configured the equipment, and served as a subject-matter consultant throughout the study.

The three main task scenarios we included in the evauation were as follows:

! None of the participants had used VX Iplug& play drivers prior to the test.

21t proved to be quite difficult to locate engineers experienced in programming test and measurement

applications using C/C++ both in the Concord and Palo Alto areas.

® Wereplaced atotal of six participantsincluding 3 LabVIEW, 2 C/C++, and 1 HP VEE programmers.
-4 -
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» Use the software to communicate with a standalone function generator to create and display
an output signd of a particular frequency, shape and amplitude. Then capture the waveform
using aVXI waveform anadyzer.

* Perform alimit test on the captured waveform. This includes writing code to prompt a user
to specify amaximum voltage. Then write code to compare that voltage to each of the
va ues captured with the waveform andyzer. If any vaue exceeds the user’ sinput vaue, the
test fails. Display the words PASS or FAIL accordingly.

¢ Create an ASCII file containing three kinds of data: the date and time from the computer’s
clock; the data samples collected by the waveform andyzer; and the PASS or FAIL Status
from the limit test.

We partitioned these three main task scenarios into fourteen smaller tasks. Each engineer or
technician attempted to complete the tasks on the one software gpplication with which he was
most experienced”.

Softwar e and Equipment

HP VEE (verson 4.0), LabVIEW (verson 4.1), and Microsoft Visua C++ (verson 5.0)
software packages were ingtaled on a PC running Windowso5.

Participants were required to complete the tasks using VXIplug& play insrument drivers,
which had been pre-configured for them.

We decided to use VXIplug& play ingrument driversin order to ensure that the chosen 1/0
software layer did not present an advantage for any specific gpplication software. This
presented a problem in using PC Plug-in cardsin the test. PC Plug-in cards were eliminated
from congderation because HP VEE, LabVIEW and C++ use different methods of
communication to access the same PCPI card, which might introduce a variable not specificaly
linked to the programming languages being tested.

Engineers can use gpplication software to talk directly to instruments or use drivers. Where
gpeed and functiondity dlow, engineers prefer the ease of use of instrument drivers. This
created another potentia bias. LabVIEW in WindowsO5 can use three types of drivers:
LabVIEW (now caled GWIN VXIplug& play) drivers, LabWindows drivers, and WIN95
VXlplug&play drivers. HP VEE in Windows95 can work with three types of drivers. VEE
drivers, LabWindows drivers, and WIN95 V XIplug& play drivers. Microsoft Visua C++in
Windows95 works with LabWindows (recompiled in 32 bit) drivers and WIN95

*We originally attempted to conduct the study as a within-subject comparison, where each participant
would perform identical tasks on two different software applications. However it proved to be too difficult
to find participants with equal expertise in two software packages or applications. Therefore we changed
the study to a between-groups comparison, where each participant used only one application.
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VXlplug&play drivers. All the test equipment we used had a WIN95 VXlIplug& play driver
avaladle.

Connected to the PC were the two pieces of equipment used to generate and capture the test
sgnas. a Hewlett-Packard 33120 standal one function generator, and a Tektronix V' X4240
waveform andyzer card that was mounted in a cardcage.

Procedure

All test sessonswere held at AIR’ s Usahility Labsin Concord, MA, and Palo Alto, CA. We
used the same software, procedure, and test equipment in both locations®. The sametwo AIR
test administrators conducted the sessons in both cities.

Each engineer participated in a one-on-one session in which he attempted to complete the
twelve tasks using the software package with which he had most experience.

The test sessions included the following steps:

» the participant read and signed a participation agreement

» the participant completed a pre-test questionnaire verifying his qudifications to participate in
the test

» the adminigtrator introduced the participant to the study and introduced him to the test
equipment

» the participant performed a practice task to get used to the testing environment

* the participant attempted to complete the 12 evauation tasks

» the participant completed a post-test questionnaire regarding his impressions of the test and
of the software

The test sessons were held in atesting room with the participant and test adminisirator seated
beside each other in front of awork table. The computer monitor, function generator, and
cardcage containing the waveform andyzer were dl on the table in the participant’ s view.

An AIR test adminigtrator had the participant complete onetask at atime. The taskswere
printed on cards and placed in view of the participant. The participant read each task out loud,
and then, once he understood it, attempted to completeit. Each of the tasks built on the
previous one, so the participant was actudly constructing a large program one component & a
time. We st atime limit of eght minutes to complete each task. We had working solutions to
each of tasks written in C++, LabVIEW, and C++, that had been coded in advance by an HP
technical consultant. If the participant did not complete atask in eight minutes we marked a
Time-out for that task, then directed the participant to load, study, and run the pre-coded

®The only difference in the setup was that we used a twenty-one inch monitor for testing in Concord, MA
and a seventeen-inch monitor for testing in Palo Alto, CA.
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program so that he could programming subsequent tasks’. The administrator used a stopwatch
to measure the time it took for a participant to perform each task.

We did not provide participants with manuas or other printed documentation, nor did we
provide them with verba help or hints for completing the tasks. We did alow them to use any
available on-line help. We did thisto equalize test conditionsfor al participants. Wetold them
that help for LabVIEW and HP VEE (including help for the instrument drivers) was available
from within the applications; and that help for the C/C++ instrument drivers was available from
the Windows desktop.

Our main measures of usahility included the time to complete each task, and whether the
participant completed the task within the dlotted time. We report the results below.

Results (general)

In the next section, we describe the globa issues that we fed dowed participants down and
impeded them from completing tasks with each of the software packages.

LabVIEW

One of the most problemeatic aspects of LabVIEW has to do with the presentation and
organization of the function cal paette. We identified severd aspects of this pdette that
increased LabVIEW programmers time to complete tasks, particularly for the first seven tasks
in which participants had to select function cals from the paette to configure the function
generator and waveform analyzer.

Firdt, we observed that there are so many functions in the paette that participants needed to
drag the window to the top of the screen to seethe whole list a once. A second problemis
that the icons representing different functions dl look extremdy smilar. Therefore, the best way
to distinguish among the icons was to look at the text in the title bar a the top of the function cal
window. However, we noticed that it was difficult for programmersto look at thistitle bar
without losing their place in the function cdll ligt. Findly, the lack of space between each icon
dowed participants down while they searched through the list.

Ancther global issue with LabVIEW rdates to the mechanics of wiring objects. For one thing,
identifying the terminds of the VI objects proved time consuming. The on-line help explanation
for wiring was useful. However, it appeared to us that it was difficult to wire objects without
referring to help. Thisresulted in yet another window on the screen (see below), and longer
task times as participants continually referred to the wiring diagram within the help window.

®1f the participant was close to completing the task at 8 minutes, we let him continue alittle longer. We felt
that completing the task was a better measure of the software’ s usability than marking atime out if the
participant was close to compl eting the task.
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In addition, the wiring of one object to another so increased task times. The difficulty lay in
the extra care needed to draw the wirein LabVIEW. In addition, participants needed to select
the exact location on the VI icon in order to connect to the proper termind.

A third globd issue with LabVIEW involves window manipulation. The monitor screen
typicaly became very crowded with the number of windows participants had open at onetime.
The excessive number of windowsis caused in part by having separate windows for the
diagram and front pand of the program. Additionaly, in order to sdlect afunction cdl,
participants had to go through two cascading menus, thus opening two more windows.

Findly, sdlecting afunction cal became even more complex because the cascading menu
disappears when users move the cursor away from the window. To avoid this problem, users
can click on the upper left of the window in order to “tack” it onto the screen. However, many
participants did not dways make use of thisfeature, so the function call window would
disappear before they found the correct cal.

C/C++

We identified two major reasons for the longer task times of C/C++ programmers. First, the
increased times reflect the programmers needs to refer frequently to the instrument driver help
filesin order to incorporate the correct syntax into their code. Typicaly, the programmers cut
and pasted code from the help file into the Visud C++ workspace. Then they adapted the
pasted code to the task, for example by typing in the correct address of the instrument driver.

Cutting and pagting from the Help file ddayed them in completing the task in a number of ways.
Firgt participants often didn’t know how to declare the variables they had cut from the
examples. Second, they sometimes cut the examplesin such away that resulted in syntax
errors. Accordingly, the second major reason for longer task times of C++ programmers
resulted from their need to be more vigilant about syntax and punctuation errors.

HP VEE

In observing programmers using HP VEE, we did not identify anything as pervasive as confusing
function paettes, or the errors inherent in writing code. Rather, we identified a number of
amaller problems with HP VEE that contributed to longer task times for some tasks.

The most common problem with HP VEE was that many category labels and menu options
were ambiguous to participants. Although we will discuss these instances in a task-by-task
basis below, we offer the following example in this section for darity: HP VEE programmers
had some difficulty in displaying their captured waveform graphicaly smply because there were
S0 many options available, and moreover, because the difference between the options were
unclear. Specificdly, we watched programmers lose subgtantial amounts of time trying to
decide which of four display options-- XY Trace, Strip Chart, X vs. Y Plot, or Waveform
(Time) -- they should sdlect to display their data.
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We noted that HP VEE programmers aso had some difficulty with specific aspects relating to
manipulating objects. One troublesome aspect was that some participants complained that
objects take up too much space in the Main window. Others complained about the lack of a
feature that alows users to group objects in order to move them at the sametime. A third issue
was that participantsinitidly didn't redize they needed to bring up a pop-up menu to delete a
line connecting objects. Instead, they tried to sdlect the line and press Delete on the keyboard.

In terms of editing function pands, we observed that the following issues caused participants
difficulty.

 Exponents are replaced with zeros when participants selected an input field
* Scientific notation seemed to be confusing to many participants
* Participants were not sure what the error box on the Panel tab indicated

Participants also complained about the lack of an “Undo” feature after they had added a
component to their program that they redlized was unnecessary.

Results (task by task)

In the following paragraphs, we report the results of our anadyses of participant performance on
each task. We present two kinds of data. Thefirst is the number of participants who
completed each task using the different software packages.

We as0 report the timesiit took participants to perform each task. There, we have included
the results of an Analyss of Variance (ANOVA) of the mean times it took participants using
each software package to complete each task. ANOVA isadatigtical test that measures
differences among group means. It returns an F vaue that has a probability, for example, p
<.01, associated with it. A probability of <.01 meansthat there is less than one chance in 100
that a difference in the means this large could have happened by chance. In the datawe
present below, thiswould mean that differences between group means can be attributed to the
software the participants used.

ANOVA does not tdl you which means are different from each other. Therefore, we
performed a second Satistica test, namely, Fisher’s Least Squares Difference (LSD), to show
us which combinations of means are Satigticaly different from each other. Thistype of test is
known as a post-hoc test. In the results below, we indicate which pairs of means are
gatidicaly different with a probability of p<.05.

Task la. Initialize function generator

For thistask, participants were required to use the software to initidize the HP 33120
function generator. This required them to locate and select the V XIplug& play insrument
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driver, to locate the appropriate instrument from the instrument driver menu’, and to program

the function accordingly.

The table below shows how many participants were able to initidize the function generator
(PASS) within the 8-minute time limit, and how many timed out (TIME-OUT), using each

software package.

HP VEE MS C++ LabVIEW Total
PASS 14 4 5 23
TIME-OUT 1 7 10 18
Tota participants 15 11 15 41

As can be seen, a greater number of participants (14 of 15) completed the task using HP VEE
than those using either of the other two software packages.

We performed an andyss of the average time it took participants using each software package
to perform the task. The mean task times, the standard deviation, and ANOVA results are
presented in the next table:

Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 306.67 148.41 F(2,40) = 6.39,
MS C++ 11 444.82 105.50 p <.001
LabVIEW 15 453.60 107.62 (statisticaly significant)

The ANOVA and post-hoc testing (Fisher’s LSD) show that participants using HP VEE were
ableto initidize the function generator sgnificantly faster than those using LabVIEW (32%
faster), and than those using M S C++ (31% fagter).

Task 1a. summary

HP VEE' s speed advantage can be attributed to severa causes. Thefirgt isthat selecting a
function cal from HP VEE s tree structure menu was by far easier than selecting the same call
from LabVIEW’ s graphical paette (see generd issues, above).

In addition, HP programmers were further helped by not having to explicitly insert an instrument
addressinto their code. In contrast, both LabVIEW and C/C++ programmers had difficulty
with coding the ingrument address. Although the entire GPIB address was printed on the task
card, severa participants were unsure what portion of the address they should use in their code.

" Part way through the test we discovered an unequal number of instrumentsin the LabVIEW Instrument
Driver Library and in the HP VEE Instrument Manager. We immediately removed the extra drivers from the
LabVIEW software and equalized the number of instrumentsin each software package. However, this may
have contributed to longer task completion times for the first seven LabVIEW participantsin two tasks
involving instrument drivers.
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Some LabVIEW programmers were confused by the default address displayed onthe VI's
front panel, which issimilar, but shorter, than the address we gave to participants. Other
participants made errors in typing the address.

Another aspect of LabVIEW that may have contributed to increased task times was the
absence of the function palette when participants viewed the front panel of their program.
Without the function palette, participants were unable to access the list of function cdls for the
function generator.

HP VEE programmers did encounter afew problems with thistask, especidly asthiswas their
firgt introduction to the VXIplug& play drivers. For many participants, the first problem
occurred after opening the Instrument Manager window and sdlecting the Function Generator
option. Instead of sdlecting the Plug& play Driver button, they double-clicked on the Function
Generator option or selected the Add or Edit buttons.

Some HP VEE programmers also were unsure how to add a transaction to the transaction box.
Participants didn't redlize that they needed ether to sngle-click within the box to bring up a
menu or double-click to add the transaction directly.

Task 1b. Change output waveform from sineto triangle

Participants had to locate and sdlect the proper function panel, and then write the program to
change the shape of the HP 33120 output waveform from a sine wave to atriangle wave.

The table below showsthat 13 out of 15 participants were able to change the shape of the
output waveform using HP VEE, 8 of 15 completed it usng LabVIEW, and 5 of 15 completed
the task usng MS C++.

HP VEE MS C++ LabVIEW TOTAL

PASS 13 5 8 26
TIME-OUT 2 6 7 15

15 11 15 41
The mean task times for each group are presented in the following table:

Mean task Std. deviation

Software N performance (seconds) ANOVA

time (seconds)
HP VEE 15 230.73 153.122 F(2,40) = 8.49,
MS C++ 11 403.73 12213 p <.001
LabVIEW 15 416.60 120.56 (statigtically significant)

HP VEE participants changed the shape of the output waveform 43% faster than those using
MS C++ and 45% faster than those using LabVIEW. ANOVA and post-hoc tests showed the
differencesin the meansto be datidticaly sgnificant.
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Task 1b. summary

Asin Task 1a, HP VEE s advantage can again be attributed to easier access to the function
cdls.

It isworth noting that some HP VEE and LabVIEW programmers had difficulty indicating the
preferred shape of the wave, particularly when they tried to pass a variable (an integer that
corresponds to the waveshape) into the function call. Often, they didn’t know which integer to
use. Although LabVIEW’ s context-sengtive help indicates what integer to use, most LabVIEW
programmers missed this informetion.

Task 1c. Set output frequency to 6 kHz.
Participants had to sdect the function from the insrument menu to change the output

frequency of the function generator from 1 kHz. to 6 kHz. As can be seen in the next table,
the mgority of participantsin each group were able to complete the task.

HP VEE MS C++ LabVIEW TOTAL

PASS 14 11 12 37
TIME-OUT 1 0 3 4

15 11 15 41
The mean times to complete the task are presented below:

Mean task Std. deviation

Software N performance (seconds) ANOVA

time (seconds)
HP VEE 15 85.47 114.32
MS C++ 11 165.91 84.133 F(2,40) = 3.05, p.=.059
LabVIEW 15 195.00 155.90 (margindly significant)

The ANOVA agpproached significance (p=.059), suggesting differences among users of the
three software packages. The post-hoc test also suggested that  difference in the timeit took
for HP VEE and LabVIEW participants to program a change in the output frequency, with HP
VEE participants programming the function 56% fagter than LabVIEW participants.

Task 1c. summary

HP VEE' s speed advantage is again most likely due to the ease of sdlecting function cals from

the menu.

Task 1d. Set waveform amplitudeto 1 volt
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All participants completed this task, which again was a matter of locating the correct function
pand from the driver menu options and programming the function.

HP VEE MS C++ LabVIEW TOTAL
PASS 15 10 15 40
TIME-OUT 0 1 0 1
15 11 15 41

As expected from the Pass'Time-out anadlys's, we found no significant differences among the
three groups of programmers changing the waveform amplitude, as can be seen in the following

table:
Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 114.20 85.21
MS C++ 11 156.09 129.14 F(2,40) =1.28,p<.3
LabVIEW 15 100.73 50.05 (not statistically significant)

Task 1d. summary

There is no notable advantage for any software package. The only issue we noted was that a
number of participants were unsure of whether the output amplitude would be expressed as
peak-to-peak voltage.

Task le. Set trigger sourcetoimmediate

Again, the mgority of participants were able to complete this task, with little differencein
performance among the groups.

HP VEE MS C++ LabVIEW TOTAL
PASS 15 11 12 38
TIME-OUT 0 0 3 3
15 11 15 41

Setting the trigger source appeared to be dightly easier for HP VEE and C++ programmers, as
indicated by both groups achieving al00% task completion rete.

This performance was mirrored by HP VEE participants fast task times, presented below. The
ANOVA showed the means to be sgnificantly different from each other, indicating thet the
differencesin programming had to do with the software the participants used. Post-hoc tests
showed that HP VEE participants changed the trigger source significantly faster (79%) than
LabVIEW participants, and 59% faster than those using MS C++. The test dlso showed that
C++ users programmed the task sgnificantly faster (48%) than those using LabVIEW.
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Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 54.80 2841
MS C++ 11 134.64 40.58 F(2,40) = 17.89, p <.0001*
LabVIEW 15 259.80 149.13 (stetigtically significant)

Task 1e. summary

There was little to note regarding thistask. The average task times for programmersin dl three
groups continued to decrease, suggesting effects of familiarity and practice.

Task 1f. Initialize Tektronix waveform analyzer

Thistask required the participants to locate, select and initialize the Tektronix waveform
andyzer driver. Here, there was a subgtantid difference in the number of individuas who
were able to complete the task: All HP VEE and most LabVIEW programmers successtully
located and initidized the waveform andyzer, however, only one C++ programmer was gble
to complete the task.

HP VEE MS C++ LabVIEW TOTAL
PASS 15 1 10 26
TIME-OUT 0 10 4 14
FAIL® 0 0 1 1
15 11 15 41

The ANOVA showed asignificant difference among the means. Post-hoc tests reveded three
ggnificant comparisons among the groups. HP VEE programmers initidized the waveform
anayzer 77% faster than C++ programmers, and 64% faster than LabVIEW programmers.
The data dso show that LabVIEW programmersinitidized the device 36.5% faster than those
usng MS C++,

Mean task Std. deviation ANOVA
Software N performance (seconds)
time (seconds)
HP VEE 15 116.20 85.08
MS C++ 11 504.82° 70.78 F(2,40) = 40.79, p <.0001*
LabVIEW 15 320.33 146.88 (statistically significant)

Task 1f. summary.

® One LabVIEW participant gave up on this task well before the time limit, and could not be convinced to
continue. Hence, we scored his completion status as a Failure.
® The mean time for C/C++ participants performing thistask is actually above the 8 minute limit, aswe
allowed the programmers even more time to try to complete the task.
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This task required participants to locate the instrument driver for the Tektronix waveform
andyzer. The waveform anayzer help files are presented in a different format than the function
generator files. This new format appeared to be problematic for the C++ programmers, who
seemed to rely on the help files to program their tasks.

Task 1g. Capturewaveform asan array

Thistask proved to be quite difficult for participantsin dl three groups, as indicated by the
numbersin the table below. The task required that participants write code to capture the
triangle wave as an array of numbers. More LabVIEW participants completed the tasks than
participants using either HP VEE or C/C++.

HP VEE MS C++ LabVIEW TOTAL
PASS 5 2 7 14
TIME-OUT 10 9 8 27
15 11 15 41

The tasks times for dl three groups were quite long. HP VVEE programmers appeared to be
somewhat faster than LabVIEW or C++ programmers, however, there were no significant

differences among the means.
Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 386.00 137.46
MS C++ 11 465.55 65.84 F(2,40) =217 p <13
LabVIEW 15 463.53 120.45 (not stetigtically significant)

Task 19. summary

| dentifying which function pand would alow a user to capture data with the waveform andyzer
was difficult for programmers using al the software. The quickest way to perform this task was
to use the Capture & Return ASCII Samples function panel. However many participants were
mided by theterm “ASCII.”. In addition, the phrase “number of points’ in the Capture &
Return ASCII Samples function pand seemed to be ambiguous. This seemed to result in
elevated task times across al software groups.

Task 1h. Display waveform asarray
In this task, the participants were to display the waveform they had captured numericaly in

the previoustask. For most participants, this task proved to be substantialy easier than
capturing the data as an array, particularly for those coding in HP VEE and LabVIEW.

HP VEE

MS C++

LabVIEW

TOTAL

PASS

15

6

14

35

-15-




HP Confidential - Not for Reprint

TIME-OUT

0

5

1

6

15

11

15

41

The ANOVA and post-hoc tests showed that both HP VEE and LabVIEW programmers
displayed the waveform more quickly than C++ programmers. HP VEE programmers were
79% fadter than those using C++. LabVIEW programmers were 41% faster than those using

C++.
Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 67.07 79.68
MS C++ 11 322.18 180.51 F(2,40) = 14.47, p <.0001
LabVIEW 15 113.73 111.59 (statigtically significant)

Task 1h. summary

The longer task times for C++ gppeared to be due to programmers neglecting to specify the
correct varigble type (i.e, float) in their print statement. This was partly due to their strategy of
cutting code from help without aways understanding the code before they selected it.

Task 1i. Display waveform asa graph

For thistask, participants had to display the waveform they had captured in the previous task
asagraph. (Wedid not have C/C++ programmers perform this task, asit would have been
impossible for them to complete the task in the dlotted time).

The datain the table below show exactly equal performance between the HP VEE and
LabVIEW participants.

HP VEE LabVIEW TOTAL
PASS 13 13 26
TIME-OUT 2 2 4
15 15 41

Because there were only two group means to compare, we performed at-test on these data.
And, as expected, the performance means and variances between the two groups were
essentidly the same, dbeit with the LabVIEW task performance mean dightly, but not
sgnificantly, lower than the HP VEE mean:

Mean task Std. deviation
Software N performance (seconds) t-test
time (seconds)
HP VEE 15 167.73 156.66 t=41,p<7
LabVIEW 15 144.60 152.85 (not significant)
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Task 1i. summary

Any difficulty participants had with this task related to uncertainty about which digplay option to

choose. For HP VEE, the correct choice was either Strip Chart or XY Trace. However, many
participants also tried X vs. Y Plot and Waveform (Time). The difference among these options

appeared to be unclear.

Task 2a. Limit test: code user prompt

After explaining the limit test to participants, we had them attempt to write code that would
prompt a user to input an amplitude vaue.

Most HP VEE and LabVIEW participants were able to complete the task. However, it
proved to be much more difficult for the C++ programmers.

HP VEE MS C++ LabVIEW TOTAL
PASS 13 I 14 A
TIME-OUT 2 4 1 7
15 11 15 41

However, the analysis of the mean task performance times show a substantia advantage for
using HP VEE for thistask. HP VEE participants coded the user prompt significantly faster
than those using LabVIEW or MS C++, with task times that were 38% and 42% fadter,

respectively.
Mean task Std. deviation

Software N performance (seconds) ANOVA

time (seconds)
HP VEE 15 185.60 117.30
MS C++ 11 318.27 157.16 F(2,40) = 341, p <.05*
LabVIEW 15 298.60 159.09 (statistically significant)
Task 2a. summary

Thistask was easiest for HP VEE programmers. First, many C++ programmers seemed to be
confused by what syntax and function call would let them obtain input from auser. In addition,
LabVIEW programmerstried to use the same function (dialog box) to prompt the user and
obtain the user input.

Task 2b. Perform limit test

This task required participants to write code to compare an amplitude value to each of the
va ues captured with the waveform analyzer. If any vaue exceeded the user’ sinput vaue, the
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test failed, and they were to display the word FAIL on the screen, otherwise they were to
display the word PASS.

As can be seen, thistest proved to be easiest for C/C++ programmers, difficult for LabVIEW
programmers, and very difficult for HP VEE coders:

HP VEE MS C++ LabVIEW TOTAL
PASS 1 10 6 17
TIME-OUT 14 1 9 24
15 11 15 41

The task performance time data reflect the above: Both C++ and LabVIEW participants
programmed the limit test Sgnificantly faster than those usng HP VEE. C++ programmers
performed the task 25% faster than HP VEE programmers, and LabVIEW programmers were

14.5% fagter than those usng HP VEE.

Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 508.13 48.43
MS C++ 11 382.91 12313 F(2,40) = 6.36, p <.005*
LabVIEW 15 434.20 94.70 (statistically significant)

Task 2b. summary

The higher task completion rates and lower task times of C/C++ programmers relates to one of
the pogitive aspects of textua programming. Graphica software gpplications require usersto
manipul ate predefined functions to fit the actions they wish their program to perform. In most
cases, theligt of available functions is extensive enough to dlow users to employ this method of
programming effectively. However, Task 2b requires severd steps. 1) comparing vaues, 2)
determining whether the comparison passes or fails the test, and 3) displaying the passfail
information.

The smplest solution includes afor loop which enables the program to continualy compare the
user defined vaue to each of the captured values. If any of the captured vauesis greeter than
the user defined value, aBoolean value is set to fase. Once dl the vaues have been compared,
the program determines the vaue of the Boolean and displays “true’ or “fasg” accordingly.
This code closdly followed participants mental modd of how the program should work.

Wefed that coding these same stlepsin HP VEE and LabVIEW isn't as Smple because
programmers had to manipulate the predefined functions to match their menta model. Many
participants had to revise their thoughts in order to fit the tools they were given. For example,
some HP VEE programmers had difficulty including the equivadent of a Boolean vaue, so ther
programs displayed a pass or fail for each of the 400 captured values. Other HP VEE
programmers didn’t know which tool to use to display the information. For this task, the tools
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supplied in HP VEE did not conform to the programmers mental mode of how the program
should work.

LabVIEW programmers had significantly lower task times than HP VEE programmers. As
indicated above, HP VEE programmers had particular difficulty locating atool that would act as
aBoolean vdue. On the other hand, there is a Boolean option easly visble within the function
palettein LabVIEW.

HP VEE programmers dso had trouble displaying the result of the limit test. In HP VEE,
programmers needed to connect atext object, with the appropriate message, to an
aphanumeric display object. Displaying the limit test result iseasier in LabVIEW because the
message can be written directly on a diaog box.

Task 3. Writedatato ASCI| text file

The last task required participants to creete a file containing the timestamp from the computer
clock, the numeric data they had captured with the waveform andyzer, and the PASS or FAIL
datus of the limit test. We had them cresate the file using the Windows Notepad so that we
could easily open it and check its contents.

We obsarved that participants had different levels of difficulty with different components of the
task, so we coded their PASSITIME-OUT datus separately for each part of thetask. Ascan
be seen in the following three tables, HP VEE programmers had the easiest time writing the data
to afile, but had a tougher time insarting the timestamp and the PASSFAIL datusinto it. More
LabVIEW than HP VEE programmers were able to write the timestamp and the PASSFAIL
gatus into the file, but gppear to have had a more difficult time writing the actud dataiinto the
file

Task 3a. Writedatato file: put timestamp into file

HP VEE MS C++ LabVIEW TOTAL
PASS 4 1 6 11
TIME-OUT 11 10 9 30
15 11 15 41

Task 3a summary

One of the mogt difficult tasks for HP VEE participants was writing the current date and time

from the computer’s clock to afile. Thisrequired arather circuitous path from the Device menu
=> Built-in Functions => Math Functions=> Date & Time. Asthe results above demondirate,
only asingle HP VEE programmer was able to do thisin the required time. Moreover, the date
and time function under Constant in the Data menu does not seem to produce the desired result.

Task 3b. Writedatatofile: print datato file
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HP VEE MS C++ LabVIEW TOTAL
PASS 11 1 3 15
TIME-OUT 4 10 12 26
15 11 15 41
Task 3c. Writedata tofile: print PASSFAIL tofile
HP VEE MS C++ LabVIEW TOTAL
PASS 10 1 3 14
TIME-OUT 5 10 12 27
15 11 15 41

The task time data (which is a combined time to complete dl three subtasks listed above) for dl
three groups were a or exceeded the 8-minute limit, and as expected, we did not find any
differences among the three groups.

Mean task Std. deviation
Software N performance (seconds) ANOVA
time (seconds)
HP VEE 15 44493 75.21
MS C++ 11 471.27 79.22 F(2,40) = 1.21, p<.2
LabVIEW 15 490.80 79.65 (not significant)

Task 3b. and 3c. summaries

The disadvantage of LabVIEW and C++ programmers in completing this task sems from a
ther difficulty inwriting datato afile. These participants were generdly unsure about what
function cdl to useto create afile and write datato it.

Summary

Two main findings emerged from thetest. Thefirgt isthat overdl, more participants completed
tasks usng HP VEE than those usng MS C++ or LabVIEW. Overdl, an average of 75% of
HP VEE participants completed each task, compared with 62% of LabVIEW participants,
and only 49% of those usng MS C++.

More importantly, the average time to complete tasks was substantially faster for those
programming with HP V EE than with either of the other software packages. The average time
to complete atask usng HP VEE was 222.29 seconds, compared with 307.63 seconds using
LabVIEW, and 342.74 seconds using MS C++. Across dl tasks, programming with HP VEE
was about 27% faster than programming the same tasks with LabVIEW, and 35% faster than
programming them with MS C++.
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Andyssof individud task times confirmed HP VEE' s speed advantage. Anayses of variance
showed that programmers usng HP VEE were sgnificantly faster than those using LabVIEW
and/or MS C++ when programming many typica test and measurement tasks.

These results suggest that programming with HP VEE can provide productivity advantages, as
measured by speed, over programming either in LabVIEW or in MS C++.
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Participant comments

In the remaining section, we list the comments we obtained from participants regarding their
likes and didikes about the software package they evauated.

What do LabVIEW programmerslike about LabVIEW?

Generd

Generates small tasks very easily

Easy to get around in once you're used to it

Good engineering software so hardware people don't need to learn alot of software
High productivity for coding once have experienced programmers

Can put stuff together very quickly

Nothing out there that’s more intuitive

Built-inVI's

Like function libraries - large amount of functions developed for you for data andysis
Like libraries of functions - many capabilities, wide variety of functions

Don't have to be hard-core programmer - automates parts of program

Graphicd environment

Don't have to define data types

Like graphica sense - shows flow like flow diagram or schematic
Like visud manipulation

Easer than text-based to see flow

Don't have to rdlearn new syntax for new language

Help

Like dl different types of on-line help
Context-sengitive help screen very helpful
Like nationwide technica support

Debugaing

Easy to debug

Like highlight execution - see what' s happening step by step
Helps you to seeright away what the problems are

Capabilities

Like ingrument driver support for mogt insruments

Versttile - has features that full programming language would have
Powerful - never had problem with it

Not many things you can't do

Miscdlaneous
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Structures & loops are easy to understand
Can understand other’ s code

Can change tool by hitting Tab

Eader than | expected to talk to insruments
Like color coding

Can sdlect more than one object

Rdaively inexpensve given fegtures & power

What do LabVIEW programmersdidike about LabVIEW?

Generd

Could use more sophigtication, i.e., better user interface
Can get complicated quickly

Kind of frustrating - need to get oriented

VI function lig

Don't like finding things - lacks search tool to find VI's

Sdecting iconsin paettesis difficult so select wrong one

Difficult to ook through each V1 in function call window

Function list should be organized better

The dowest part isfinding the correct VI

Awful lot of iconsin the function lit to sort through - alot ook like duplicates
Not immediately gpparent what theiconsin the function list do

Its frugtrating trying to find the right function

Can't read function cal icon names

Wants to know how to find V1 textud list

Difficult to move through VI’ s and watch the title bar to catch their label
Want more descriptive names for function cal icons

There's 100 config icons so I’'m going to assume they're dl the same thing

Wiring

Wiring tools could be better

Diagrams are hard to read because wires are al confused
Should automaticaly line up linesto VI inputs, i.e, “snap to”
Lines should movewith VI's

LabVIEW'’ s shortcoming - wires can be dl over the place

Hep
Don't likethat hdp isin black & white
Help doesn't autoscde
Help doesn’'t disappear when don't need it
Help is vague - should have wizard point to manua
Documentation more tricky than for text-based code
Wants help to say where to find functions
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Capabilities

No undo so have to revert but can't if its not saved

Don't like that not able to save as bitmap

Want snap to or cross hairs over whole screen to size things

Graphicad environment

Prefer to execute code fragments & execute line by line
Data flow makes doing some things more difficult than in C
Couldn't create executable code that is standaone
Windows, paettes are overwheming

Too many menus on top of each other

Palettes can take up alot of room

Textud information

Don't know what the “error code” is

Word “ASCII” in function label Capture & Return ASCIl Samples threw me off - should be
“data’ or “waveform” samples

Is there abook to see what that error message is?

Phrase “resource name’ in Initidize Waveform Anayzer mideading snce was cdled “ingtr
dec” for function generator

Not too confident that the voltage setup function call will default to pesk to pesk

Miscellaneous

Not sure where to find tools for dedling with 1/0O
Some of the drivers weren't in order

Array functions not straightforward

Does't document well in terms of generating reports
(Versgon 3.1) memory issues

Problem changing tools, particularly text to other tools
Don't know how to build array

Has backward compatibility issues

Wants to be able to move field separately from its label
Can't use on dl the machineswe have

Compiling dower than text-based

What do HP VEE programmerslike about VEE?

Genera
Intuitive
If you want to make asmal program - itsfairly easy to do
Easy to trandate to new tasks
Don’'t have to be a programmer
It'seconomicd & efficient
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Compared to what' s out for Labtech, LabVIEW, & Testpoint, it’s by far the eesiest to use
More intuitive than text-based gpplications

Lots of intuitive things - easy to accomplish tasks

Easy to learn

Immediately ussful

Communicating with insruments

Likes ease of connection between objects, and talking to objects

Instrument cals worked w/ defaults the first time

Easy to use Plug & Play drivers

Firg time usng Plug & Play, took him alittle time, but very easy to use to connect to
ingruments

Detects instruments so don't have to figure out if they’ re there or write drivers

Likedirect 1/10

Programming Speed

Speed of programming/program development is pretty strong - one of the quicker ones
Fast environment to code up stuff

Fairly obvious - makesit fagt to try things

Functionsin easly accessible boxes

Easy to write - dropping boxes, quick interconnecting, visua

Rdaively fast in terms of acquiring deta

Quicker than text-based applications

Saves aton of time

Hep

On-line help is good

User friendly once you learn it because of the user manua & any user panelsthat have been set
up

Like bubble help

Like help at bottom of Sdlect Function Panel window

There are consultants, awell-written manud, excdlent user groups

Graphica environment

Likethat it's object-oriented - therefore more intuitive

When your done, it's al flowcharted - can follow the flow of your program at a glance
Like the visud debugging flow

Don't have to worry about syntax too much aslong as have user manuals

Like the grgphica environment

Very sequentid, like flow chart - easy to develop quick program for test & development
Programming development environment makesit easy for smple tasks

Programming devel opment environment leads to short learning curve

Capabilities
Like the display capahilities, eg., display waveform
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Like the data collection features

Many capabilities - data processing, input, data acquisition, output (even in specid formets)
Can control 3rd party boards

Can link to other programs written in different languages

Data execution, probing outputs make it easier to debug

Debugging is good - animating the processis nice

Miscellaneous

Thingsarein theright place

Usahility is pretty good - files on Sde, tree format
Likes different colored lines

Can control when things happen

Reuse code dl thetime

Error messages more intuitive than most

Likefree run-time

Like that filesare st up like in Windows

Like how objects show what inputs you need
Likes can click on left top of box to delete - like Windows

What do HP VEE programmersdidike about VEE?

Screen redl estate

Takes alot of workspace

Run out of room quickly - have to scroll

Can't scae the environment, eg., zoomin & out

Hard to manipulate if don’t have red big monitor

Impossible to connect boxes that are too far apart - should be zoom
Can be cumbersome - so many boxes

Don't like annoyingly big objects

No zoom out - have to have 21-inch monitors

Capabilities

If he writes a program in VEE, has to have a copy of VEE on every machine - not the case with
Visud Badc

Still no undo button, darn it - that would be redlly great

Functiondlity is confined somewhat

Surprised by lack of Clear Device function call

Wants to sdlect both Date & Time at once from Built-In Functionslist

If # of pointsistoo big - freezesif don't put in time-out

Can't take screen from network andyzer & print on VEE

Would like to see more quick keys

Would be nice to have way of demondtrating that was able to reset ingrument, i.e,, visud trigger

Ther€ sjust so much functiondity you hardly remember whet it al does

-26 -



HP Confidential - Not for Reprint

Feature richnessistoo rich at times & sometimes not rich enough - might prefer fewer features
& more depth

Can't control XY trace scaling

Can't do standard 1 dB compression test

Should automaticaly generate input pin when add transaction to the object for writing datato a
file

Textud information

Want more information when errors occur - messages. are too cryptic

Headings & selections don’t correspond, i.e., not descriptive

Hard to find out what each function call does

Some functions don’'t seem to do what they imply

Expects Arbitrary Waveform Setup function cal to contain sdlection for frequency, waveform
type, etc.

Confused by phrase “Write text @ eol” in object for writing datato afile

Nothing tells me if the voltage is peak to peak in the Output V oltage Setup panel

Waveform (Time) display never works with my programs

Help

Not consstent in how to get to help, i.e., right hand button or F1

Helpisa“3’ onascdefrom 1to 5interms of hepfulness

Help nat helpful - help gives meinformation on pand display not VX1 display, want hep for
function generator

Miscdllaneous

(Verson 3.1) Asyou' d open nested objects then collapsed lower level, would collgpse all
lower windows

Some functions are buried

Too many optionsin menus

Lines overlgp so can't tdl where they’ re coming from

I/O learning curve

Programming ingrumentsis difficult if don't have built-in functions

Panel driverstoo dow

Propagation of some objects works differently than others

Doesn't like when exponent disappears when type # into fied

Execution seemed to be dow

Some data manipulaionisabit wesak - has run into problems where pulling one data point at a
timetakesalong time

Not intuitive where to pick up Start box

Have to sdect tiny edge of Start box to move

Not intuitive what to do with To/From Waveform Andyzer object input

Can do alot of nice things but looks like spaghetti mess after awhile

Need better way to copy transactions
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What do C/C++ programmerslike about C/C++?

Capabilities

Like available data types - types of variables

Allows character arrays

Deveopment environment is well-integrated - lots of functiondity

Can do whatever program | want - doesn’'t limit me like other software

Lots of low-level control - never been in a Situation where you couldn’t do something
A lot of avalable tools without cluttering

Hexibility of interfacing with other Windows programs

Hep

Hedpisonline

Convenient to get into C++ help

Dominates market s0 there are help books with examples
Help a my fingertips

That's what people use so easy to find books with examples

Miscellaneous

Like compiling in project area

Workspace environment nice - flips between different windows, shows standard 1/0 window,
compile window, etc. so there slittle window management

Easy to input & output data to waveform andyzer & function generator

Easy to pick up

Can make gpplications

Can add on to other peopl€' s software

Everybody can useit

What do C/C++ programmersdidike about C/C++?

Genera

Always a run-it-and-see-what-happens sort of thing
Difficult language - high learning curve

Not very intuitive - have to sudy and learn it

Hep

Want help on a particular word

Want coding examples

Difficult to find in help the gppropriate variables to use

Need to dig into help

How do | go back to workspace from C++ Help?

Wants help within C for the function generator

Why do they have a separate “How Do 17" section in Help?

There' s nobody to support you doing C except the manual
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Editor

Editor could be improved for keyboard entrees with brief commands

Wants to jump to close bracket

Would prefer editor to automaticaly insert parentheses at For loops

Editor should automatically insert brackets

Editor should change color for functions so you know if spelled something wrong
Editor should automaticaly type in format after user types function cdl

Miscellaneous

No array dimengion trgpping (at end of array)

Doesn't lend itself toward Windows programs

Don't like taking two stepsto build & execute

So many features - hard to master them al & keep track
Versons are very different

Easy to make mistakes about data type

What apain in the butt capturing the waveform is

Took way too long to figure out how to prompt a user
CTRL-C should paste item if mistakenly pressed instead of CTRL-V
Wants other Build menu items to gray out when building
Doean't ask if want to save after selecting Close Workspace
No line number in error message

Haven't used mogt intuitive names for functions

Stupid to refer to amplitude as voltage
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