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Abstract----Web services (WS) technology has been used 

extensively in the IT industry and it has recently become more 

integrated into IT curricula. This paper describes a framework for 

measuring student learning gains and engagement in a Computer 

Science 1/Information Systems 1 programming course. The study 

applies the framework to courses taught with a more traditional 

approach and a new approach utilizing WS. The framework examines 

student self-assessment of learning gains and engagement with the 

subject matter, as well as student performance on a common 

assessment exam module given to students in both treatments. This 

research answers questions regarding the effectiveness of the WS 

approach, including “Do students using the WS approach learn better 

in the self-assessment learning gains?” and “Do students find the WS 

approach more engaging?”  Results showing the effectiveness of the 

WS approach from the first 3 semesters of a 3-year multi-university 

study are discussed. 
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I. INTRODUCTION 

ROM its inception in the early 1990s, the Web has 

significantly changed our lives in many sectors, from 

software, entertainment, financial to education industries. 

The impact of Web technologies on software industry is 

especially profound where most software systems that have 

been developed during the Web era have been Web-based 

systems that can simply be run from a browser instead of on 

stand-alone computers, whether they are on the PCs or 

mainframes. These Web-based systems can often also interact 

with one another via Web services (WS) APIs (e.g., Google 

Map API, Twitter API, YouTube API, etc.) that are so that 

rich Internet applications can be built. 
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The increasing importance of Web services APIs in Web 

development has been well documented (e.g., [1]). In 

programmableweb.com, a popular directory and community 

website for APIs, the growth rate of APIs in recent years has 

been astounding—the directory at the end of 2005 had only 

105 APIs, compared to more than 9000 in 2013 [2]! The 

continuing rise is attributed to the growth of enterprise and 

more recently mobile APIs as the driving forces.  

The Web’s presence (and its impact on software 

development) is especially felt in the Information Technology 

(IT) curricula where students learn to build computer systems 

that are Web-centric instead of PC/mainframe-centric. 

Students can often enroll in upper division courses that teach 

Web programming and the fundamentals of the Web 

architecture. However, despite the aforementioned Web 

impact and growth of APIs, the fundamental approach used in 

teaching the introductory programming sequence has 

remained basically the same over the last few decades for the 

introductory level programming courses, namely in Computer 

Science 1/Information Systems 1 (CS1/IS1) [3]–[5].  

The effects of using the Web service approach to teaching 

CS1/IS1, an approach that integrates the use of burgeoning 

Web services technology throughout the courses, is studied in 

this research. This paper details a framework for measuring 

student learning gains and engagement in CS1/IS1. The 

framework allows for a new pedagogical approach, i.e., Web 

service approach, to teaching CS1/IS1 to be measured against 

the traditional approach that has been used for many years. 

Data including student self-assessment of learning gains, 

actual gains in exam performance, and student engagement 

can be captured for analysis. The study used a longitudinal 

framework that provides methodological insight into student 

learning using the new learning paradigm. The results from 

the first 3 semesters of a 3-year multi-university study are also 

discussed. 

The remainder of the paper is organized as follows. Section 

2 recaps the Web service approach to teaching introductory 

computing and reviews the SALG instrument, which is what 

the framework is based on. The results of the approach are 

described in Section 3. Finally, the summary and conclusions 

are given in Section 4. 
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II. THE SLG METHOD AND WEB SERVICE APPROACH 

SALG (Student Assessment of Learning Gains) is a 

nationally validated pre- and post-survey of students’ self-

assessment of their knowledge before and after a course [6]–

[7]. Because it has been used in numerous courses over many 

years, it can provide the basis for measured comparisons of 

student learning. SALG initially targeted the field of chemistry 

but has since been generalized to work with various 

disciplines. For example, Anderson uses SALG in the 

Nutrition and Food Science area [8]. The SALG instrument 

can be adapted to address a particular set of skills, in this case 

computer programming, while retaining its reliability and 

validity. As mentioned, the framework in this study uses 

SALG as the base and extends it to include other 

measurements, detailed in Section 3. 

Web services technology is a burgeoning technology that 

has received tremendous amount of attention in the software 

industry. After mainframes in the 60s, PCs in the 80s, 

applications in the 90s, and the Internet in the 00s, Web 

services have been considered a disruptive technology based 

on the 5th wave of computing. According to the research firm 

Gartner in its “Hype Cycle for Application Architecture, 

2010” report [9], basic Web services are plotted on the 

“plateau of productivity” portion of the curve, which Gartner 

defines as a state that “...real-world benefits of the technology 

are demonstrated and accepted. Tools and methodologies are 

increasingly stable as they enter their second and third 

generation” (Table I). 

Given the importance of Web service technology, it is 

imperative that the technology be introduced in today’s IT 

curricula. Also, the researchers have shown that Web services 

can be integrated into the curricula early, i.e., in introductory 

computing courses [3]. As a result, this research targets CS1 

and IS1, courses that are designed to introduce the basic 

problem solving and program design skills that are used to 

create computer programs. The objective is to stimulate 

student learning of the materials by not introducing concepts 

in an abstract, boring, and contrived fashion. Instead, the 

emphasis is on developing modules/scenarios that are creative, 

novel, and engaging.  

For example, instead of instead of processing a random list 

of numbers, which is what is traditionally done when 

teaching/learning list of items to process, the students can be 

processing a set of numbers representing the populations of all 

the 50 U.S. states via a Web service API. Now, the numbers 

have meanings and the processing seems more interesting as it 

ties in with their general knowledge about the U.S. 

geography/society. Another example is about finding the 

warmest temperature in the entire U.S. by zip code, plotting 

the area on a map, and getting a route to go to the warmest 

area from a given location. In the above scenarios, Web 

services can easily be found and invoked to achieve the results 

desired. All that is needed is that one is given the URL that 

contains the Web service description (called WSDL) for the 

interested Web service. Various tools exist to process the 

WSDLs and generate the appropriate code to communicate 

with the underlying Web services. Thus, a Web service 

approach, simply put, is an approach that integrates Web 

services in the majority of the course activities (class 

discussions, homework programming assignments, etc.), 

whether it is about the scenarios painted above or numerous 

others that can be incorporated. 

In this research study, a SALG-based framework has been 

devised to measure the effectiveness of the Web service 

approach. A faculty-designed student assessment has been 

added to the SALG.  The two approaches can be used to cross 

validate one another.  The results of the study are described 

below. 

III. COMPARING LEARNING GAINS 

The study uses a repeated-measures (within-subjects) quasi-

experimental design.  Typically, each quasi-experiment 

extends over three semesters.  Professors teach a course using 

their standard methods of instruction (control group).  They 

take a workshop and receive materials on the use of WS 

methods.  Then they teach two courses/semesters using WS 

methods (experimental group).   

Currently there is data for 17 professors and 27 classes—17 

control group classes and 10 experimental group classes.1 This 

preliminary study, reporting data from the ongoing study, 

compares the mean scores on seven outcome measures for the 

control- and experimental-group classes.  The results, 

summarized in Table 1, are encouraging.  On all five measures 

of learning—the investigator-designed test, called content 

knowledge survey (CKS) in the study, and the four student 

self-assessments—the experimental group classes scored 

higher.   

The CKS test (line 1 on Table I) is a 20-item general 

examination of computing knowledge that contained no 

specific questions on WS concepts or skills.  The half-point 

(0.46) increase in the experimental-group scores shows that 

the new WS concepts are being learned without any decrement 

in the learning of general programming knowledge.2  Indeed, 

the results suggest that students learn the new subject matter 

while continuing to master knowledge of the standard 

subjects. 

Similar results can be seen in the student self-assessments of 

gains in concepts and skills.  The increase in general concepts 

and skills (lines 2 and 4 on the table) are modest—0.34 and 

0.22 on a 5-point scale—but again they suggest no 

disadvantage to students being taught with the new WS 

methods.3  If anything, the opposite is true. 

Not surprisingly, the biggest gains were in the student self-

reports of learning WS-specific concepts and skills (lines 3 

and 5 on the table).  The measure of concepts went up from 

the control groups to the experimental groups by 0.79; and the 

measure of skills increased by 1.43 points.4 

It was expected that WS instruction would also have a 

positive effect on students’ attitudes about programming and 

on their ability to integrate their programming knowledge with 

other knowledge and experience.  As can be seen from lines 6 

                                                        
1 To date, three professors have completed the full, three-class sequence.  A 

few other professor-participants have followed a somewhat different model; 

their data will be incorporated in our final paper on this project. 
2 The class mean scores ranged from a low of 6.8 to a high of 15.5. 
3 The mean class scores on the general concepts scale ranged from a low of 

3.0 to a high 4.2; those on the general skills scale were 2.9 to 4.3. 
4 The ranges for these measures were, respectively: 2.9 to 4.3 and 2.2 to 4.5.    
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and 7 of the table, the changes, while miniscule (−0.18 for 

attitudes and −0.02 for integration) were not in the expected 

direction. 
 

TABLE I 

 SCORES ON SEVEN OUTCOME VARIABLES: 

MEANS FOR CONTROL VS. EXPERIMENTAL GROUP CLASSES
5 

 
 

In general, these preliminary results are encouraging.  They 

suggest that instructors with a wide range of backgrounds 

teaching in quite different colleges, universities, and 

departments can successfully incorporate WS methods into 

their general introductory programming classes and they can 

do so without any losses in standard knowledge, concepts, and 

skills while adding to students’ knowledge of WS methods. 

IV. SUMMARY AND CONCLUSIONS 

The approach presented here illustrates a possibility to 

better teach introductory computing courses based on WS 

technology and illustrates a framework to better evaluate 

pedagogical approaches to teaching in the IT classroom. The 

results from this quasi-experimental study indicate that using 

WS in an introductory programming course shows improved 

test scores and higher overall student learning and engagement 

scores. 

The evaluation approach focuses on lessons learned from an 

earlier pilot study teaching introductory programming to 

CS/IS students using WS, this approach is easily tailored to 

other methods of teaching as well. The instruments used in 

this study can be used to target a variety of skill sets. The key 

lesson learned was finding a good match between the 

instrument, background data and the approach.  

                                                        
5  Because class sizes varied considerably, scores for each class were 

calculated by weighting the scores by the number of students in each class.  

The remaining measures (gains in understanding of concepts, skills, positive 

attitudes, and integration of learning) were taken from student responses to the 

SALG instrument. Each of the measures used a response scale ranging from 1 

= no gain to 5 = great gain. Contact the authors for further details about 

measurement methods. 

Using this modular and flexible data collection approach, 

collecting data from a variety of sources working with 

multiple institutions over time. Implementation of this 

approach is now being conducted over multiple sites and 

years. Based on the results, the research begins to answer the 

questions “Do students using the Web service approach 

perform better in the common assessment exam module?” and 

“Do students find the Web service approach more engaging?” 

Across many instructors, institutions and students, the study 

shows support for answering “Yes” to both of these questions. 

The students learn the new subject matter while continuing to 

master knowledge of the standard subjects and big gains in the 

student self-reports of learning WS-specific concepts and 

skills. The set of tools are applicable not only to these 

questions but other pedagogical questions not only in the IT 

field but other disciplines as well.  

The preliminary results of this exploratory study indicate 

that students show improved content knowledge and 

assessment of their own learning gains as well as engagement 

with the subject. More data is necessary to ensure the 

significance of this study’s findings. Future research can apply 

this approach not only in introductory programming courses 

but other CS/IS courses at all levels of study. 
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